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 ABSTRACT   
Yi, Zhihang. M.S.B.C.M., Purdue University, May 2015. Investigation of the Industry 
Perceptions of Building Information Modeling (BIM) based Estimating Practices in the 
U.S. and China. Major Professor: Hazar Nicholas Dib. 
 
 
While the Building Information Modeling (BIM) technology has been seen as next 
revolutionary technology for the Architectural, Engineering, Construction and Facility 
Management (AEC/FM) fields, the AEC/FM industry does not implement BIM 
technology on the cost estimating practices as widely as expected. The efficiency 
improvement on cost estimating with BIM could be accomplished through automating 
quantity take-offs, closely collaborating design with the estimating professionals and so 
on. This research explores the advantages and barriers of imbedding BIM technology into 
the estimating practices which enables the industry deepen their understandings on BIM-
based cost estimation method. This study also compares the industry perceptions of BIM 
and BIM estimates technology between the U.S. and China. By conducting the 
comparison between these two countries, differences on their respective AEC/FM 
organization business model, BIM experience, BIM estimates experience, BIM 
applications and software are identified. It is the author's intent to provide the Chinese 
building professionals with new insights into the future strategies of the BIM 





CHAPTER 1.  INTRODUCTION 
This chapter establishes a basis for the investigation in this thesis of industry perceptions 
on utilizing Building Information Modeling (BIM)-based cost estimating practices in the 
U.S. and China. This thesis will also benchmark the BIM and the BIM-based estimating 
practices in China to the U.S. practices. This chapter discusses the significance of the 
research area and the purpose and scope of this thesis, as well as its assumptions, 
limitations, and delimitations. The chapter concludes with a brief summary. 
 
1.1   Background 
BIM is not a new term to the Architectural, Engineering, Construction, and Facility 
Management (AEC/FM) industry. In the past few decades, the continual development of 
information technology in the construction domain has produced a wide range of BIM 
implementations and relevant standards, which is evidenced by the prevalence of BIM-
based relevant applications. The use of BIM technology to replace traditional visual 
methods of representing building projects has significantly facilitated the design and 
construction process (Sattineni & Bradford, 2011). However, unlike other BIM 
technology-enabled applications, the AEC/FM industry does not seem to have a strong 
interest in adopting BIM for its cost estimation practices; rather, in order to perform a 
detailed estimate, a third party estimating software other than BIM, and cost data, are 
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always required  (Sylvester & Dietrich, 2010). Although BIM has been a hot topic in the 
AEC/FM industry for the past decade, few implementations have been made using BIM-
enabled estimating services (Sattineni & Bradford, 2011). The intent of this thesis is to 
evaluate and compare the building industry’s perceptions of the BIM and the BIM 
estimates practices in China and the U.S.  
 
1.2   Significance 
While the increasingly wide recognition of the potential benefits that BIM technology can 
bring to the AEC/FM industry, the implementation of BIM with cost estimation is not 
widely seen as significant as was expected. It is thought that the BIM software is too 
complex for many, which would require companies to put a significant amount of time 
and expense into employee training, hence, the unwillingness of companies to 
incorporate BIM into their daily business practice such as estimating. The need to 
eliminate and alter the doubtful attitude toward BIM usage from building professionals in 
the U.S. and China is critical.  Understanding the industry’s perception of the benefits 
and barriers of BIM estimates is important. The conclusions of this thesis could assist in 
the development of BIM estimation applications as far as making it more applicable and 
practical to the building professionals.  
In the meantime, while the Chinese building industry is catching up on this new 
technology, the fact that building industry in China is structured differently than in 
Western countries has further complicated the issue (Guanpei, 2011). Suggestions 
regarding the BIM and the BIM estimates specifically made for Chinese building 
practitioners are needed by comparing them to the BIM experience of the U.S.     
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1.3   Statement of Purpose 
This main goal of this thesis is examine the benefits and barriers of the BIM-based cost 
estimation method and to understand and compare the AEC/FM industry perceptions of 
adopting BIM technology both in the U.S. and China. A systematic and scientific 
approach applying the independent sample t-test, chi square test, ANOVA, and post-hoc 
test is used to help the industry better understand the BIM-based cost estimation method. 
Furthermore, the Chinese building industry will be provided with new insights to the 
current BIM implementations in the U.S. and China, which will contribute to the 
localized strategy of BIM development in China. 
 
1.4   Research Question 
The questions of this thesis include: 
1. What are the AEC/FM industry perceptions of applying the BIM-based cost estimation 
method in the U.S. and China?  
2. Is there a difference between the AEC/FM industry in China and the U.S. with regard 
to the implementation of the BIM and the BIM-based cost estimation method?  
 
1.5   Assumptions 
The following assumptions were integral to the work of this thesis: 




2. There is a need to compare the BIM and BIM-based cost estimating implementation 
situation in China with the situation in the U.S. and to understand the difference between 
them. 
3.  Participants would respond accurately and honestly during the survey process 
concerning their own experience, knowledge, and background in the construction 
estimating domain. 
4.  Participants would be at liberty to acknowledge when they could not answer a 
question due to lack of knowledge or not being able to recall. 
5.  Participants, to the best of their ability, would help the researcher to evaluate the 
potential advantages and disadvantages regarding the implementation of BIM technology 
for cost estimation throughout the industry. 
6.  Responses collected from the survey would be representative enough to reflect the 
AEC/FM industry in the U.S. and China. 
7.  Participants are at liberty to acknowledge their familiarity with the field of BIM with 
cost estimation.  







1.6   Limitations 
This thesis was subject to the following inherent limitations: 
1. It was limited by the nature of the survey since it was the only method used to collect 
data. 
2. It was limited to the information that could be obtained from construction professionals 
via e-mails and through the internet.  
3. It was limited by the amount of cooperation by building professionals in spending their 
time to fill out the survey. 
4. It was limited by the accuracy of the Likert scale approach in evaluating the 
participants’ views regarding the BIM-based cost estimation method. 
5. It was limited, due to time constraints. by having a period of only two weeks for the 
survey distribution within the U.S. and China. 
 
1.7   Delimitations 
The following delimitations were inherent to the pursuit of this thesis: 
1. The participants from other countries apart from China and the U.S. were generalized 
as international building professionals in this thesis. 
2. The thesis population was primarily limited to the building professionals working in 
the U.S. and mainland China. 
3. The survey was the only method chosen to collect information from the participants. 
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1.8   Definitions of Key Terms  
Building Information Model (BIM) - A BIM is a digital representation of the physical 
and functional characteristics of a facility. As such, it serves as a shared knowledge 
resource about a facility that forms a reliable basis for decisions during its life-cycle from 
inception on. The BIM is sshared digital representation founded on open standards for 
interoperability. (BuildingSMARTalliance, 2010).   
Industry Foundation Class (IFC) - A complete and fully stable, open, and international 
standard for exchanging BIM data. (BuildingSMARTalliance, n.d.).  
 
1.9   Summary   
This chapter provided an overview to this thesis, including its background, significance, 
statement of purpose, research questions, definitions, limitations, and delimitations. The 
next chapter presents a brief summary of relevant literature covering BIM, BIM 




CHAPTER 2.   REVIEW OF RELEVANT LITERATURE  
There is a significant amount of literature related to BIM and its standardization process. 
Eastman (1979) introduced conceptual structures for integrated design databases to 
support automatic interfaces for a variety of independent applications. Since then, both 
researchers and CAD software vendors have made every effort to apply BIM technology 
to their processes in numerous ways with the hope of gaining competitive advantages as 
the consensus is that humans are entering a new era whereBIM is strikingly playing an 
irreplaceable role in people’s livese like never before (Macomber, 2003). The field of 
BIM has grown exponentially, with a number of related applications and tools introduced 
to the AEC/FM  industry. Today, BIM is at the forefront and is expected to continue to 
remain there for the long run as an active thread of research throughout the AEC/FM 
industry. The purpose of this chapter is to provide a comprehensive literature review 
pertaining to BIM, BIM standardization, and BIM-based software and applications in an 




2.1   Literature Review Approach 
The review begins with a brief historical overview of the evolution of BIM in 
construction followed by a definition of BIM. The following section discusses BIM 
research with an emphasis on its standardization process throughout the last 30 years. 
Specifically, studies related to BIM standards and guidelines in different countries, 
including the U.S. and China, are targeted. The main section introduces BIM and BIM-
based cost estimation applications in the AEC/FM industry.  
 
2.2   The Overview of Information Technology in Construction (ITC) 
Mankind is entering an information explosion era. Under a fast-changing economy, IT 
has become one of the main advantages that companies are pursing in order to improve 
their competitiveness. IT is no longer viewed as merely market enhancements to business 
operations, but rather as an innovation agent that allows business owners to think 
creatively and competitively.  IT has reshaped the way business strategies are carried out. 
The term, Information Technology in Construction (ITC), sometimes referred as 
Computer Integrated Construction (CIC) is not new to the AEC/FM industry. The 
construction industry, like other industries, has adopted IT supports as well.  However, 
unlike other industries such as aerospace, manufacturing, the AEC/FM industry has 
largely lagged behind in IT adoption, leading to the failure of obtaining potential 
significant productivity increases and quality improvements (Eastman, Sacks & Lee, 
2003; Davis & Songer, 2002).  The industry is gradually losing ground in the fast-paced 
evolution of IT. 
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Boddy et al. (2007) conducted a review of ITC and depicted the historic development and 
trends of this research area spanning nearly 20 years. The authors surmised the following 
reasons for the shortage of integrating computer technologies into construction processes: 
1) the nature of construction industry is highly fragmented and 2) almost every 
construction project is considered to be unique. Both reasons combined result in obstacles 
at the industry level in communication and coordination as well as standardization. 
There is a relatively long history of research conducted to investigate the fragmented 
nature of the construction industry. The fact that a variety of participants (owners, 
contractors, subcontractors, architects etc.) are involved in the complete construction 
process, makes it seems quite reasonable to believe that each party has compelling 
economic reasons to put its own benefits as the first priority instead of working for the 
overall benefits of “the system” (Macomber, 2003). For instance, the bricklayers may be 
reluctant to change their work sequences at the cost of half man-days even knowing the 
fact that this could easily save two man-days later for the electricians. This is a critical 
issue that the entire AEC/FM industry is struggling against and a great deal of effort is 
being put forth to address it.  
A variety of publications related to BIM, Virtual Construction (VCD), 3D CAD, 
Computer Integrated Construction (CIC), Information System (IS) have been proposed 
by researchers to aid the integration of multi-functional                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
tools in the building industry over the years.  Among all the new technologies, BIM is 
considered as one of the giant leaps for the industry to transfer its business operations 
module into a more collaborative and interactive process.  
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2.3   Introduction to Building Information Model (BIM) and BIM Standards 
2.3.1   Definitions of BIM 
A large number of publications have attempted to define BIM. With the resultant variety 
of BIM definitions circulating, readers can easily be led readers to misinterpret and twist 
the meaning of BIM (Barlish & Sullivan, 2012). Therefore, this thesis believes that a 
clear definition of BIM is required here before proceeding with a discussion of BIM.  
What is BIM? Different building professionals may give different answers. For 
contractors, BIM is “the process of creating and using digital models for design, 
construction and/or operation of projects (McGraw Hill, n.d.).”  For architects, BIM may 
be defined as “an intelligent 3D virtual building model that can be constructed digitally 
by containing all aspects of building information into an intelligent format that can be 
used to develop optimized building solutions with reduced risk and increase value before 
committing to a design proposal (Woo, Wilsmann, & Kang, 2010).”  It is obvious that 
contractors see BIM as more of a technical tool to simulate models and formulate 
documents while architects think BIM is an optimized tool to facilitate the design 
process. Aranda-Mena et al. (2009) stated that BIM, for some professionals, is merely a 
software application; for some, it is a process for designing and documenting building 
information; and for still others, it is a new technique that is treated as a strategic 
enhancement to their contracts, project practices, and client relations. How the concept of 
BIM is perceived by multiple stakeholders reasonably reflects the diversity of BIM 
business sense and further validates the fragmented characteristics of the AEC/FM 
industry.   
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The definition credited to the National BIM Standard (NBIMS) Project Committee of 
BuildingSMARTalliance was adopted in this thesis, because their definition not only can 
focus on any particular stage of construction or perspective of a particular group of 
stakeholders but the whole building life-cycle as well. NBIMS defined BIM as follows: 
“A Building Information Model (BIM) is a digital representation of physical and 
functional characteristics of a facility. As such it serves as a shared knowledge resource 
for information about a facility forming a reliable basis for decisions during its life-cycle, 
from inception forward. The BIM is a shared digital representation founded on open 
standards for interoperability (BuildingSMARTalliance, n.d.).” 
NBIMS characterizes BIM as a physical and functional representation of a building and 
its related project information. Therefore, NBIMS believes that BIM should be operated 
as a repository of information for owners, designers, contractors, and facility managers to 
access and use as a resource during the decision-making process.  
 
2.3.2   A Brief History of BIM and BIM Standards 
Achieving the goal of well representing and describing the building and its related 
information at all stages, physically and functionally, has long been a key effort and 
objective for researchers and professionals in the AEC/FM industry. Therefore, it is 
evident that countless construction-related applications for BIM, serving different 
functionalities such as estimation, scheduling, are gaining popularity and are being used 
by building professionals. The need to integrate different information systems and fully 
take advantage of BIM is immense for all AEC/FM organizations.  
12 
 
The vendors of CAD initially realized this demand. As early as the 1970s, in response to 
the industry, they developed some low level methods to exchange data with certain 
applications in a limited number of proprietary file formats (Isikdag & Underwood, 
2010). However, because these proprietary file formats are not commonly accessible to 
all the companies involved and most of the applications, the number of format translators 
used for data exchange among several applications is unrealistically huge and therefore 
impractical. These proprietary file formats were soon abandoned when several 
knowledge domain communities initiated their program to develop a common file format 
that is applicable to all applications for data exchange. The Interim Graphics Exchange 
Specification (IGES) and the Drawing eXchange Format (DXF) are two of the non-
proprietary or vendor-neutral file format they produced.  
Soon thereafter, users began to benefit from the convenience afforded with data exchange 
and integration, and many industry-based research group began to explore other 
possibilities for integration with AEC/FM applications. Looking at the timeline of the 
BIM technology, which were described as building product models earlier, the BIM of 
today has essentially evolved from the data exchange file formats through semantic AEC 
information model formats (Isikdag & Underwood, 2010).   
With the advent of object-oriented tools, building a model which enables integration 
between separate applications so as to comprehensively represent the building 
information on a computer became possible. The Building Product Model, as defined by 
Björk (1989), is a digital building description using objects which belong to predefined 
classes to capture the form, function, and behavior of a building. Research concerning 
Building Product Models and the like was initiated by Eastman (1979) in the late 1970s. 
13 
 
Following Bjork’s effort, the International Standards Organization (ISO) formed a group 
under a sub-committee (SC4) of the Technical Committee (TC184) to develop the STEP 
standard with a long-term strategic goal to enhance the communication and integration of 
engineering information in the form of open standards. The STEP standard primarily 
aimed to solve the data exchange and sharing needs of the manufacturing industries 
(Howard & Björk, 2008). In June 1990, the first edition of STEP-ISO 1030 was 
disseminated. One representative example model under the STEP standards is the 
General AEC model GARM  (Gielingh, 1989) in which the author presented his effort on 
the notion of orthogonal dimensions in order to allow GRAM to elaborate the relations 
between different dimensions and present a complex subject in a rather simple model. 
Other models are the Integration Reference Model IRMA by G. Luiten et al. (1993) and 
the ATLAS model (Luiten, Tolman & Fischer, 1998) which address the project 
information to use, share, and store at a hierarchy of four different layers. However, the 
proliferation of the nSTEP standards stopped after the ATLAS model was found to be 
lacking in model interpretation process. According to Tolman (1999). a lot of the 
semantics were removed or obscured after the model interpretation process under the 
STEP methodology. The last STEP model attempted is the CIMSteel Integration 
Standards (CIS/2) model (CIMSteel Integration Standards (CIS/2), n.d.) whose purpose is 
to establish a multi-part industrial standard for information exchange in the steel-framed 
buildings industry. 
Currently, there have been two main standardization efforts: STEP and Industry 
Foundation Class (IFC). Issued in 1997, the first version of IFC began to take over the 
building product modeling standardization market from STEP and provided researchers 
14 
 
additional standardization insight to explore in the building domain. In Finland, the IFC 
was adopted by its public and large construction sector, and the awareness of this 
standard has been consistently remained high. The IAI (International Alliance for 
Interoperability), was the initiator of IFC, which later was renamed BuildingSMART in 
2005. Founded by an industry-based consortium of 12 U.S. companies, BuildingSMART 
is led by Autodesk and Bentley. Until 2013, the latest release was IFC 2x4 (Hong Kong 
Housing Authority, 2009) features as the guideline for current various construction IT 
system integration projects for design, facilities management, etc. However, a relatively 
small number of software applications have been designed and implemented based on the 
IFC, making its development a slow process.  Howard & Björk (2008) indicated that “the 
IFC have not had the resources for rapid development.”  In order to better use the 
advantages of BIM and its supporting standards, such as IFC, wider promotion of BIM’s 
applications should be promoted. The main way to accelerate wider usage of BIM and its 
standards would be “the development of an authoritative source of information on all 
relevant standards and tools, case studies of their use, preferably with some economic 
analysis of benefits, and hard information on the level of conformance of the software 
products (Howard & Björk, 2008).”   
A historic review of semantic AEC information models was done by Tolman (1999) drew 





2.4   National BIM Standards 
As awareness of BIM usage and its benefits to the AEC/FM industry has grown, many 
countries and their major government clients have begun demonstrating more 
commitment to the BIM technology and the related standards such as IFC. The first step 
at the government level is to develop a national standard with the intent of gaining 
competitive advantages in the international building market. The countries or regions that 
are currently taking the lead in the BIM standardization and policy-making process at are 
the U.S., U.K., Finland, and Hong Kong.  
 
2.4.1   U.S. 
The U.S. was among the first countries that began to recognize the importance of BIM 
and the benefits this technology affords. According to McGraw Hill, the adoption rate of 
BIM in the U.S. AEC/FM industry has largely increased from 28% in 2007 to 71% in 
2009. The potential for growth is staggering. There are currently three major U.S. federal  
agencies that have developed and established BIM-related standards or guidelines: the 
General Service Administration (GSA), the Army Corps of Engineers (USACE), and the 
National Institute of Building Science (NIBS). 
The U.S. General Service Administration (GSA), has established the National 3D-4D-
BIM program in 2003. According to its major mission statements, this program aims to: 
“1) establish policy to phase in 3D, 4D, and BIM adoption for all major projects; 2) 
publish BIM Guide Series; 3) lead 3D-4D-BIM pilot application for current capital 
projects etc.” (U.S. General Services Administration, n.d.). To date, this program has 
successfully led over 30 projects in its capital program and is assessing and supporting 
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more than 100 projects with respect to their BIM or 3D/4D applications across the U.S 
(U.S. General Services Administration, n.d.). 
Aiming to strengthen America’s infrastructure and military facilities building process, the 
U.S. Army Corps of Engineers (USACE) proposed a 15-year BIM roadmap in 2006 
(Brucker, Case, East, Huston, Nachtigall, Shockley, & Wilson, 2006) and released a 
subsequent complete version of its BIM implementation plan in 2011 (Bentley Systems, 
Inc., 2011). The USACE’s main focus was on building cost reduction, scheduling 
optimization, and quality control by using BIM as a powerful tool to better assist the 
whole AEC/FM practices.  
The National Institute of Building Science (NIBS) issued its first version of the National 
BIM Standard (NBIMS) in 2007, a little behind another two U.S. building institutes. 
Different from other two, NIBS strived for open BIM standards development by 
primarily providing developing approaches. The vision from NBIMS is broader in focus 
in that it targets achieving full consensus standards for BIM technology nationwide rather 
than merely concentrate on specific sectors of the building domain.  
 
2.4.2   China  
After its initial entry into China’s AEC/FM industry, BIM has gradually drawn attention 
from academia, industry, and government. The China Academy of Building Research 
(CABR) carried out the Building Information Model Platform in 2007 (JG/T198 － 2007 
Standard) (China Academy of Building Research, 2007) where the CABR was 
implemented and simplified the work using the IFC. In the following year, a group was 
formed from the China National Institute of Standardization (CNIS) and the China 
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Academy of Building Research (CABR) proposed the GB/T 25507 -2010 Industry 
Foundation Classes Platform, which completely implemented the technical portion of 
IFC by adapting the written format under the national standards requirement. BIM has 
gained more momentum since 2010 when Tsinghua University in China developed a 
comprehensive framework for building information standards titled as the China Building 
Information Model Standards (CBIMS) (Tsinghua University BIM Research Group, 
2011). The CBIMS covers three main aspects: 1) Standard Specifications; 2) User 
Manual; and 3) Resource Library.  
In March 2011, China released the National Twelfth Five-Years Plan in which the 
importance of empirically establishing information systems in China’s construction 
enterprises so as to improve the AEC/FM industry’s operational and managerial 
productivity. The Twelfth Five-Years Plan (Xinhua News Agency, 2012) which is often 
viewed as a national guideline for economic and social development in China, has played 
a crucial and implacable role in shaping China's development trajectory over the past 
decades. In the building sector of this plan, the Chinese government indicated their strong 
interests in promoting BIM usage in the AEC/FM industry and highlights the content in 
terms of clash analysis, information management, and design and construction stages of 
building projects.   
The recent establishment of a BuildingSMART China Chapter also greatly facilitated the 
Chinese BIM standardization process. According to the latest news from the China 
National Institute of Standardization (CNIS), two of the BIM national standards (the 
China Construction Engineering Design Information Model Delivery Standard and the 
China Construction Engineering Design Information Model Classification and Coding 
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Standard) are nearing completion. Meanwhile, the Beijing Civil Building Information 
Model Standard (DB11/1063-2014) (Zhang & Liang, 2014) was published in September 
2014, which marked a milestone as it was the first Chinese BIM implementation 
standard.  
 
2.4.3   Other Countries and Regions 
According to the Government Construction Strategy released by the Cabinet Office 
(Senate Properti, 2007), the U.K. government will soon reform its government 
construction procedures by developing BIM standards with cooperation from the 
AEC/FM industry. This report remarked that the U.K. government explicitly expressed 
their ambition in mandating the usage of BIM on all government projects. By 2016,fully 
collaborative 3D BIM adoption will be requisite on all types of projects with all 
associated project information data and documentation to be electronic format. (Senate 
Properti, 2007) 
Similar to the he U.K., Finland has always been quite progressive in catching up with 
new technology, and BIM is no exception.  Beginning in October 2007, the Senate 
Properties, which is the largest government-owned enterprise for managing property 
assets in Finland, requires that the architectural design of all projects, except private 
individually-owned projects, are to be executed under the newly-published BIM 
requirements (Senate Properti, 2007). In their policy guidelines, they state that the 
comprehensive requirements for BIM adoption begins at the bid stage with a model 
delivery process through the structural checking procedure. Finland’s surge of 
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enthusiasm for BIM is increasing and their commitment to employing BIM at the policy-
maker level is also growing.  
Hong Kong is another region that is at the forefront of BIM adoption. Sample pilot 
projects executed in Hong Kong, such as So Uk Demolition, So Uk Redevelopment, and 
Kai Tak Site 1B reflect their eagerness and ambition in utilizing BIM technology. The 
Housing Authority (HA) in Hong Kong carried out its first version of their BIM 
Standards Manual in November 2009 (Hong Kong Housing Authority, 2009). The 
Housing Authority of Hong Kong indicated in a statement that they are is planning the 
following initiatives: 1) starting in 2014 to 2015, all housing projects are required to use 
BIM as a standard design tool; and 2) the Hong Kong-based in-house BIM standards, 
user guide, library component design guide and references to successful BIM projects 
will be completed.  
By progressively applying BIM to actual projects, as well as pushing standardization 
forward, Hong Kong has utilized BIM technology for more than 19 rental housing 
projects with a scope of work for different building life stages from 2006 to 2009.  By 
executing optimal design and effective coordination, as well as construction waste 
control, the Housing Authority of Hong Kong is using the design visualization aspects of 
BIM as a starting point to engage stakeholders and integrating the building stages into 




2.5   The Current BIM Deployment in China 
There is a growing commitment to BIM initiatives in China (Howard & Björk, 2008). 
The concept of BIM was first introduced to China’s AEC/FM industry in 2003. As China 
is on its way to catching up with using BIM, multiple government agencies, BIM 
consulting companies, and building professional organizations are starting to realize the 
importance of using BIM in their AEC/FM industry.  BIM seminars such as “The 
Information Technology Development Forum of Survey and Design Industry in China,” 
“Talk with Experts in Sustainable Design,” and BIM design competitions and related 
training workshops have been successfully held in the past 10 years.  
Table 2.1 shows some recent representative building projects in China that adopted BIM 
with reference to the information for their respective major stakeholders and the 
identified benefits and problems that BIM adoption brought to the projects. 
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As can be seen from Table 2.1, the BIM technology thus far has been mainly applied in 
the design phase while the  multiple functionality applications of which it is capable. The 
full potential of BIM has not been fully explored yet. According to Zuppa et al. (2009 
BIM is most frequently perceived as a tool for visualizing and coordinating architectural, 
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engineering, and construction work and avoiding design omissions or errors. The current 
implementation of BIM worldwide, as determined from the literature review, also is not 
being utilized in every building lifecycle stage.  This problem, without exception, exists 
in China’s AEC/FM industry as well. 
Rome was not built in a day, and China is picking up their pace to establish a well-
rounded BIM working framework, at the industry level or for a government effort.  From 
the industry aspect, some efforts have been made in the last few years. For instance, the 
Shanghai Modern Design Group completed its application for a structural design data 
exchange and CAD data sharing system on the basis of Industry Foundation Classes 
(IFC) in 2006 and in 2009 and released their research results on AEC collaborative 
design integrated system. However, the industry endeavor is far from enough to solve the 
challenges that the multiple functionality BIM implementation process is facing 
worldwide. There is an urgent need for a cooperative willingness from the government, in 
conjunction with the entire AEC/FM industry and software vendors, to facilitate further  
BIM development.  
 
2.6   Brief Introduction to BIM-based Software 
2.6.1   Overview of BIM-based Software 
One of the core business values of BIM pertains to expanding the use of its computer 
software application; and being adopted in actual construction projects is a good way to 
gain wider recognition by AEC/FM practitioners.  Becerik-Gerber & Rice (2010) 
conducted an industry-wide survey to gain an understanding of the perceived BIM value 
at the project level in the U.S. building industry, where the cost-benefits relationship that 
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BIM will bring to building organizations is clearly communicated. An interesting finding 
from their work that should also be useful to this thesis is the types of BIM solutions that 
are extensively adopted in the U.S. building industry and their respective usage 
percentage, given valid survey answers from the respondent firms. According to the data, 
more than 41.6% of the respondent firms were using Autodesk Revit Architecture, while 
Structure and MEP with Autodesk Navisworks had the second highest popularity 
at12.4%. Graphisoft Archicad (10.7%), Bentley Architecture, Structure, MEP, and 
Electrical (8.0%), TEKLA (6.5%), and VICO (5.8%) also were mentioned. All the 
aforementioned software programs comprise the top popular BIM-related software in the 
U.S. AEC/FM industry (Becerik-Gerber & Rice, 2010). 
With such a board range of BIM software available to building practitioners, some 
researchers have provided some methods to group these software programs and tools 
based on their respective functionality and feature. One method that was acknowledged 
by most researchers was to divide these tools into the following categories: 1) BIM 
Authoring Software; 2) BIM Design Software; 3) BIM Geometric Modelling Software; 
4) BIM Sustainability Software; 5) BIM-based HVAC Software; 6) BIM Structural 
Analysis Software; 7) Visualization Software based on BIM; 8) BIM Model Checker 9) 
BIM In-depth Design Software; 10) BIM Estimating Software; 11) BIM Facilities 
Management; and 12) BIM on 2D Drawings (Guanpei, 2010). 
The BIM authoring software lays the foundation for BIM-based software of other kinds. 
There are currently four types of BIM authoring software, labeled by their respective 
producers and known for targeting different sectors of the AEC/FM industry:                  
1) Autodesk Revit Series, 2) Bentley, 3) Nemetshek Graphisoft, and 4) Dassault. The 
24 
 
Autodesk Revit Series contain functionalities which cater to the needs of architects, 
structural engineers, MEP engineers, designers, and construction contractors to access, 
design, annotate, and remodel the 3D model database for building projects. Compared to 
the Autodesk Revit, Bentley products possess more advantages for AEC/FM 
professionals in the infrastructure and industrial construction sectors. The most well-
known products that Nemetshek Graphisoft has on their product line are ArchiCAD and 
VectorWorks. CATIA from the Dassault Company is well-known in the manufacturing, 
aerospace, and automobile industries. By adopting CATIA, designers and engineers are 
equipped with the ability to fully present building projects, especially large-scale and 
complicated structures. CATIA can greatly facilitate their work effectively under the 
collaborative design process.  
The BIM design software, which essentially refers to the BIM preliminary design 
software, would be of great help for the communication between designers and owners. 
Onuma Planning System and Trelligence Affinity are two such programs that are in this 
category.  
The BIM in-depth design software, unlike the design software above, was developed so 
as to equip the BIM models with more design scope and details. Tekla Structure is an 
example, which is BIM software that serves as the modelling creation and management 
tools for building professionals in the steel and concrete areas. 
The BIM geometric modeling software enhances the design efficiencies of the 
geometrically-complicated architectural building models during the early design process.    
The names of these BIM applications indicate the type of business services they provide: 
structural analysis, sustainability, HVAC, estimating, facilities management and 
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visualization software. The use of BIM for various tasks is as diverse as the AEC/FM 
industry specialties. According to Becerik-Gerber & Rice (2010), architects have a 
tendency to depend on BIM for visualization, design, and massing studies while the top 
three BIM application areas of construction contractors are model creation, clash 
detection, and clash detection (Becerik-Gerber & Rice, 2010). Surprisingly enough, 
building industry specialists did not display frequent use of BIM for green building or 
sustainability design (Becerik-Gerber & Rice, 2010). However, their study also indicated 
strong interest from the AEC/FM industry in using BIM technology to embrace the 
upcoming green building era of the industry, and BIM’s impact on sustainability also is 
expected to increase in the coming years (Becerik-Gerber & Rice, 2010). 
The remaining groups of BIM-based applications are model checkers and 2D drawings. 
The Solibri Model Checker, which is regarded as the most influential BIM model checker 
software on the market, was developed primarily for the use of model clash, quality, and 
craft checks. BIM 2D drawings group refers to the type of software or tools that are 
presenting the building designs in 2D while considering interoperability with other BIM 
related software. It fulfills the demands of most construction companies to flexibly 
import and export drawings through 2D design tools to 3D model software. AutoCAD by 
Autodesk and Mircostation by Bentley are the most popular 2D drawing design tools for 
the AEC/FM industry. 
This thesis will mainly focus on the BIM-based estimating software, while is discussed in 




2.6.2   BIM-based Estimating Software  
The growth of the AEC/FM industry is supported by its dynamic, innovatve, and 
passionate professionals who consistently take on challenging tasks and responsibilities 
in an effort to provide the best built environment for people. Every construction project 
requires close collaboration within a team approach. Among all the professionals in the 
construction value chain, the estimator is the professional who take care of the money 
issues. From the initial calculations to the final results, estimators perform their duties by 
analyzing the numbers, assessing the potential risks, and preparing the bids and contracts. 
An estimator uses estimating software every workday, but the time spent on quantity 
take-offs is rather substantial, and that is where the BIM-based estimating software 
appears to have a huge advantage over other types of estimating tools. Instead of 
manually counting or quantifying work volume from the traditional paper drawings or 2D 
plans, the BIM technology enables estimators to obtain drawing information, such as the 
door quantities, just by a simple click on the “Generating Quantities" button from the 
underlying building model menu. Furthermore, the change management from the BIM-
based cost estimating applications brings more consistency between the design and 
estimate – once a modification is made on the model, all other relevant information with 
respect to this particular modification, including counts, materials, schedules, and 
documentations are automatically changed as well. Subsequently, the counting accuracy 
problems caused by human errors in the manual quantity take-offs are greatly resolved.   
Innovaya Visual 5D estimating software is considered to be the first estimating software 
that is completely rooted in BIM technology. It provides building objects in an effective 
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file transfer pathway through Autodesk’s and Tekla’s BIM applications to MC2 ICE and 
Sage Timberline (Innovaya, n.d.), which not only offers automatic quantity information 
extraction from the design models but also provides a relatively intelligent technique to 
perform the automatic estimation by associating the model component assemblies from 
MC2 ICE and Sage Timberline. Overall, the Innovaya Visual 5D estimating system has 
been extensively recognized and applied worldwide.   
2.6.3   Localized BIM-based Estimating Software in China 
In China, the story of BIM-based estimating software is quite different from the rest of 
construction world, including the U.S. Three software companies – Glodon, Rib, and 
Thsware – hold a majority of the market share in the BIM-based estimating software 
domain.  
Glodon Software started its business in the late 1990s at Shenzhen city of China when 
BIM was initially introduced into the Chinese construction industry. Since then, Glodon 
has maintained steady business growth in China’s rapidly developing economic 
environment. At the present time, Goldon has over 30 products in its company product 
portfolio and BIM, according to their company’s strategy statement, has become one of 
its crucial strategic priorities.  Glodon delivers a fairly complete set of BIM solutions 
from their product lines. The Gloden BIM5D, which is its featured BIM product, 
provides users a wide range of services, from model data maintenance and model views 
to schedules and quantity analysis. Estimating is one of the major functions of this 
software in Gloden’s goal of best aiding construction business practices. 
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The second software provider, Rib, is an international construction software company 
headquartered in Stuttgart, Germany. Rib is proud of its iTWO technology, which by 
definition is the world’s first Big Data BIM 5D enterprise solution. The Rib iTWO 
fulfills the company’s development goal of significant advancement of construction 
productivity by revolutionarily integrating the 5D virtual construction process into the 
physical construction process.  
Tsinghua Sware Software Hi-Tech Co., another local construction IT provider in China, 
innovatively developed the first China-made visualized construction estimation system 
on the basis of the AutoCAD platform in 2005. The TH-3DA 2005 achieved a milestone 
in direct data exchange between electronic drawing files and graphic components by 
combining key functions such as 3D visualization, artificial interfaces, unified output 
format, automatic estimation extracted from quote database, model modification with 
different level of details.  
Glodon, Rib, and Thsware have long been viewed as innovators and pioneers in the ITC 
area. Presenting their backgrounds, development strategies, and technologies in this 
thesis will enable understanding the differences among them and their products, 
functionally and developmentally. 
 
2.7   Summary 
This chapter provided an overview of the literature related to the BIM, BIM standards, 
and BIM software applications with particular concentration on the BIM-based 
estimating tools commonly used worldwide as well as in China.  A summary also was 
provided of the evolution of BIM in the past decades, the importance of integrating BIM 
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into AEC/FM practices, the standardization efforts worldwide, the current development 
efforts regarding China’s BIM and BIM standardization, and typical BIM-based 
computer applications. Finally, three leading Chinese BIM-based estimating software and 
their respective product features were introduced.   
The results of the literature review confirmed the necessity of investigating the industry 
perceptions of BIM-based cost estimation in China and the U.S. The next chapter 
discusses the specific methodology utilized for this investigation.
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CHAPTER 3.   FRAMEWORK AND METHODOLOGY 
The purpose of this thesis is to understand the industry’s perceptions of BIM-based 
estimating as well as the difference between the implementation of BIM and the BIM-
based estimating method in the U.S. and Chinese building industries. The framework, 
sample approach, survey design, and the data analysis used in this thesis are introduced in 
this chapter.  
 
3.1   Framework  
This thesis uses the quantitative method to explore the industry perceptions of BIM 
estimates and to compare the implementations of BIM and BIM-based estimating in 
China to U.S. implementations. 
The industry perceptions were measured by the level of agreement from the survey 
respondents on 14 statements that describe the benefits and barriers of the BIM-based 
estimating method.  
The difference between the BIM implementations in China and the U.S. was measured 
through the following six independent variables: 
 The respondents’ company demographic information 
 The respondents’ professional demographic information 
 The respondents’ company experience with BIM and BIM-based estimating 
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 The respondents’ experience with BIM and BIM-based estimating 
 BIM software usage  
 BIM implementation areas 
3.2   Sample Selection and Approach 
Prospective survey participants were invited via email and through the internet; and 
While it was impossible to access the whole population of BIM professionals in China 
and the U.S., the goal was to pinpoint that segment of the population who met the criteria 
for this thesis’ objective and thereby assure the reliability of the information received. Six 
hundred U.S. and 150 Chinese building professionals were contacted. In order to identify 
the qualifications of the participants in order to filter the survey responses, they were 
asked questions designed to acquire their work experience, especially with BIM 
technology. The four criteria included the respondents’ job responsibilities, their 
involvement in BIM projects, the BIM culture in their company, and their estimating 
experience with BIM. For instance, the respondents’ job titles would indicate their level 
of work experience in the building industry. Questions such as the number of BIM 
projects in which the respondents have participated would reflect their involvement with 
BIM technology, the BIM culture in their respective companies would be indicated by the 
number of BIM projects undertaken by their company, and the number of years they have 
conducted BIM business as well as their total BIM project values would indicate their 
organization’s depth of involvement. Lastly, in order to confirm the respondents’ personal 
experience with BIM estimates, one question asked the number of estimating projects on 
which the respondent has personally used BIM.  
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Four major approaches were utilized to access the targeted population. First, industry 
connections of the researcher were utilized to distribute the letter of invitation, which 
they were also encouraged to forward to anyone whom they identified as a BIM 
professional. Second, the industry connection resources of the Building Construction 
Management Department at Purdue University were utilized by the researcher to assist in 
its survey distribution. Third, the membership contact lists of several construction-related 
associations, such as American Association of General Contractors, were obtained on 
their official websites. Finally, online resources, such as BIM professional groups on 
LinkedIn and BIM professional websites in China were used in the data collection 
process of this thesis. 
 
3.3   Survey Design 
The survey included two types of questions: 1) multiple choice, inquiring about the 
respondents and their companies’ information and experience with BIM implementation, 
and 2) Likert scale questions designed to assess the respondents’ perceptions of BIM 
estimating.  
The multiple choice questions in the first section asked for the respondents’ professional 
demographic information, the number of BIM projects on which they and their 
companies have worked, the total value of the BIM projects that their companies 
generated, the year when their companies started BIM business, the times they have used 
BIM to the cost estimation practices, the BIM software used in their companies, and the 
areas where they have implemented BIM. Three questions among the 14 questions in the 
first section allowed multiple responses.  
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The Likert scale section contained 14 statements. Seven of them mainly stated the 
advantages that using BIM and BIM estimating offer to the AEC-FM industry while 
another seven statements described the barriers that could hinder the development of BIM 
estimating.  
An extensive literature review was conducted in order to design the survey; and the 
researcher’s academic advisor, who is a BIM expert in the industry, assisted in the survey 
design as well.  
 
3.4   Data Analysis Method 
The researcher used bar graphs and tables to present the data collected from the multiple 
choice questions, which then was interpreted by the descriptive statistics method. The 
independent sample t-test and chi square test were used to further analyze the data and to 
validate the conclusions based on the graphs and tables.  
The descriptive statistics method, together with the bar graphs and tables, were adopted 
to visually present the aggregated data from the multiple questions. Trochim, W. (n.d.) 
stated that the descriptive statics method, along with bar graphs and tables, enables 
presenting a large amount of data in simpler and sensible forms.  A powerful summary 
from the descriptive statistics method can be drawn to allow comparison across different 
units (Trochim, W. (n.d.).  
The survey questions with exact answers were analyzed by the independent sample t-test. 
There are several methods of data analysis for comparing two separate groups. In this 
thesis, the two separate groups were the building professionals in the U.S. and Chinese 
AEC/FM industry.  The researcher decided to use the independent sample t-test due to its 
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robustness, simplicity of data interpretation, and lower data requirement. An independent 
sample t-test requires very little data while the data itself is easy to interpret by 
comparing the means of the two sample groups. In addition, the t-test is considered a 
robust approach without violating the test assumptions (Flom, n.d.).  
The chi square test was applied in the data analysis for the questions where the answers 
were provided as a number of class intervals. Nonparametric techniques, such as chi-
square, are capable of dealing with data which are not displayed numerically (Mann & 
Wald, 1942). In the survey of this thesis, seven questions were designed with 
classificatory answers. These seven questions aimed to collect information on when the 
respondents’ companies began using BIM, when their company began using BIM for cost 
estimating, the number of BIM projects on which the respondents and their companies 
have worked, the total value of the BIM projects performed in their companies, the 
number of projects for which the respondents equipped BIM with their cost estimating 
practices, and their companies’ business volume annually. For the purpose of preventing 
potential false positives, an independent sample t-test was also used on these seven 
questions. The results from the independent sample t-test completely complied with the 
conclusions from the chi-square test on the same set of questions, keeping the false 
positives to a minimum.  
Since the Likert scale method was used to measure the industry’s perceptions of BIM 
estimates, the mean scores of each statement were obtained from the survey data. To 
explore if there was a significant difference in the ranking order among the mean scores 
of these 14 statements, one-way ANOVA and post-hoc tests were employed in this thesis.  
35 
 
The greatest benefit of using one-way ANOVA is that the number of observations in each 
group does not need to be the same (Explorable.com, 2009), which was applicable to this 
thesis because not every participant had answered all the questions in the Likert scale 
section, resulting in nonequivalence in the number of respondents for each question 
without one-way ANOVA. A post-hoc test is a follow-up test based on one-way 
ANOVA. It is utilized when a difference among the group means needs to be identified 
(Stevens, 1999). In this thesis, the identified statistically significant difference among the 
means of the ratings in each question enabled the researcher to rank these questions based 
on their Likert scores.   
It is also noted that the researcher also used their personal knowledge and industry 
experience to interpret the text answers submitted by the survey respondents. 
 
3.5   Summary 
This chapter described the methodology used in this thesis, including the descriptive 
research framework, the sample selection and approach, the survey design, and the in the 




CHAPTER 4.  SURVEY RESULT  
This chapter presents the results from the data collected in the four-part survey. The first 
two parts consist of the demographic information; the first part pertains to the survey 
respondents’ professional profiles, and the second part is related to the respondents’ 
company demographic information. The third and fourth parts reported the descriptive 
statistical findings. The third part is the statistical representation of the BIM applications 
from the survey results, and the fourth part represents the participants’ agreement on 
statements as to the advantages and disadvantages of BIM-based estimating. The survey 
was primarily designed and distributed to building professionals working in the U.S. and 
China, hence, the results were divided to two segments and presented accordingly. 
The researcher collected 73 responses out of 600 email invitations sent to U.S. building 
professionals; while for the survey distributed to China, 36 responses were collected from 
150 email invitations, Linkedin connection requests, and survey request threads posted on 
one of the largest BIM websites in China (http://www.chinabim.com/). The survey was 
distributed between March 20, 2015 and March 29, 2015 by using Purdue Qualtrics 
System. The full period of 9 days were allocated for the data collection. The response rate 
was approximately 12% in the U.S. and roughly 20% in China.  
Out of the 73 responses from the U.S. building professionals, 60 of them were considered 
to be complete and valid. For the 13 incomplete surveys, eight of them were less than 
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50% complete, which were then regarded as completely invalid and were not included in 
the responses when the data were analyzed. Another five incomplete surveys were more 
than 90% complete, by virtue of their reliability and being representative of the objectives 
of this thesis.  The missing values from these five surveys were replaced by using the 
mean imputation method (Little & Rubin, 2014).  
The survey distributed in China received 36 responses, of which 27 responses were 100% 
complete. Three of the incomplete survey responses were removed since they were less 
than 50% complete. The remaining six incomplete surveys did not have responses in the 
Likert scale portion of the survey; therefore, their answers from the first two portions of 
the survey, which are the personal information and company information, were used to 
proceed with data representation and analysis.  
 
4.1   Respondents’ Professional Profile  
4.1.1   Respondents’ Working Countries 
Table 4.1 below displays the participants’ primary working countries in the U.S. survey. 
Out of the 67 responses received from this question, all but one indicated they were 
working in the U.S., the only one who was not working in the U.S. specified that they 







Table 4.1 Respondents’ Working Countries in the U.S. Survey 
# Answer  Response % 
1 U.S.  66 99% 
2 China  0 0% 
3 Other (Please put 
INTERNATIONAL if your 
work requires frequent 
relocation across different 
countries) 
 1 1% 
 Total  67 100% 
One of the respondents in the survey distributed to China indicated that their working 
location was outside of China and remaining respondents specified their primary working 
location is within China. The category of working in China was checked by 30 
respondents, or 97%, of the responses. Table 4.2 shows the detailed results. 
Table 4.2 Respondents’ Working Countries in China’s Survey 
# Answer  Response % 
1 U.S.  0 0% 
2 China  30 97% 
3 Other (Please put 
INTERNATIONAL if your 
work requires frequent 
relocation across different 
countries) 
 1 3% 
 Total  31 100% 
 
4.1.2   Respondents’ Current Position 
Participants were asked to specify their current positions within their organizations in the 
survey in both the U.S. and China. For the convenience of data presentation, the 
researcher categorized the building professionals’ positions into six categories: 
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President/Vice President; Operation including Project Engineer, Project Manager; BIM 
Specialist including BIM Manager or BIM Engineer or any other positions that mainly 
engage in BIM business; Preconstruction including Professional Estimators, Director of 
Preconstruction; Human Resources and Others: IT Specialist, Treasurer.  
Table 4.3 shows the respondents’ positions in the U.S. survey. According to the 
collective results, 11 respondents held executive positions such as president or vice 
president; 17 respondents indicated that they were within the Operation Division; 14 
respondents were working in the BIM Department; three respondents were 
preconstruction employees, such as estimators; and the number of respondents who 
indicated they were human resources personnel and other type of employees were three 
and two, respectively.  
Table 4.3 Respondents’ Position in the U.S. Survey 
# Respondent Position Response % 
1 President/Vice President 11 22% 
2 Operation 17 34% 
3 BIM Department 14 28% 
4 Preconstruction 3 6% 
5 Human Resources 3 6% 
6 Others 2 4% 
 Total 50 100% 
 
Eighteen responses were received from the survey distributed to China’s building 
professionals. Among them, four indicated they were in the operation department, seven 
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in the BIM department, and four in the preconstruction department. Only one respondent 
fell into the job category of human resources, president/vice president and others.   
Table 4.4 Respondents’ Position in China’s Survey 
# Respondent Position Response % 
1 President/Vice President 1 6% 
2 Operation 4 22% 
3 BIM Department 7 39% 
4 Preconstruction 4 22% 
5 Human Resources 1 6% 
6 Others 1 6% 
 Total 18 100% 
 
4.1.3   Respondents’ Experience with BIM 
Each respondent’s experience with using BIM was reflected by the number of BIM 
projects on which the respondent indicated they had worked. Sixty-six survey participants 
in the U.S. revealed their BIM work experience, of which 26 had only dealt with 0 – 1 
BIM projects; five respondents indicated working on 2 – 3 or  3 – 5 BIM projects, eight 
respondents  indicated 5 – 10 BIM projects; and 22 respondents indicated involvement in 
more than 10 BIM projects. Table 4.5 shows the details derived from the survey data. 
 Table 4.5 Number of BIM Projects that Respondents have worked on in the U.S. Survey 
# Answer Response % 
1 0 - 1 26 39% 
2 2 - 3 5 8% 
3 3 - 5 5 8% 
41 
 
Table 4.5 continued. 
4 5 - 10 8 12% 
5 More than 10 22 33% 
 Total 66 100% 
Table 4.6 reflects the number of BIM projects on which Chinese building professionals 
have worked. Out of the total of 32 responses, 16 respondents had participated on less 
than one BIM project; seven of the respondents had dealt with 2 – 3 BIM projects; four 
respondents had worked on 3 – 5 BIM projects; three respondents had worked on 5-10 
BIM projects; and only two respondents indicated having worked on more than 10 BIM 
projects.  
Table 4.6 Number of BIM Projects that Respondents have worked on in China’s Survey 
# Answer Response % 
1 0 - 1 16 50% 
2 2 - 3 7 22% 
3 3 - 5 4 13% 
4 5 - 10 3 9% 
5 More than 10 2 6% 
 Total 32 100% 
 
4.1.4   Respondents’ Experience with BIM-based Estimating 
Likewise, the BIM relevant experience of the respondents in this survey indicated their 
familiarity with BIM-based estimating by indicating how many BIM projects for which 
they utilized BIM in their cost estimating practices.  
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In the U.S. survey, the number of responses was 66. The categories of 0 – 1 projects and 
2 – 3 projects had 43 respondents and four respondents, respectively. Two respondents 
had worked on 3 – 5 BIM projects with estimating. Six respondents had worked on five 
to 10 BIM-based estimating  projects. Lastly, om 11 respondents had worked on more 
than 10 BIM-based estimating projects. 
Table 4.7 Number of Projects for Which Respondents Utilized BIM for Cost Estimation in 
the U.S. Survey 
# Answer Response % 
1 0 - 1 43 65% 
2 2 - 3 4 6% 
3 3 - 5 2 3% 
4 5 - 10 6 9% 
5 More than 10 11 17% 
 Total 66 100% 
Table 4.8 displays the number of BIM-based estimating projects in which the Chinese 
AEC/FM practitioners who participated in this survey have participated. Out of the total 
of 66 respondents, 21  had participated in 0 - 1  BIM-based estimating projects; four 
respondents indicated having worked on 2 – 3 projects; three respondents indicated 3 – 5 
projects; and three respondents indicated having worked on more than 10 projects. There 






Table 4.8 Number of Projects for Which Respondents Utilized BIM to Cost Estimation in 
the China’s Survey 
# Answer Response % 
1 0 - 1 21 68% 
2 2 - 3 4 13% 
3 3 - 5 3 10% 
4 5 - 10 0 0% 
5 More than 10 3 10% 
 Total 31 100% 
 
4.2   Respondents’ Company Demographic Profile 
4.2.1   The Type of Company Business 
The respondents’ companies’ type of business are displayed below in Table 4.9 and Table 
4.10. The survey provided eight options from which the respondents could indicate the 
type of business of their companies.  
Out of the total of 69 respondents in the U.S., a significant number indicated that their 
companies were General Contractors (48%), Construction Management (19%), or 
Subcontractors (19%). As far as the other business type options, there was only one 
architect/design and consultant company, two owner/developer companies, and no 
software vendors. Three respondents indicated that they belonged to the ‘other’ category: 
One design/build contractor, one utility/heavy-highway contractor, and one investor-





Table 4.9 Type of Company Business in the U.S. Survey 
# Answer Response % 
1 Owner/Developer 2 3% 
2 Architect/Design 1 1% 
3 General Contractor 33 48% 
4 Construction Management 16 23% 
5 Subcontractor 13 19% 
6 Consultant 1 1% 
7 Software Vendor 0 0% 
8 Other 3 4% 
 Total 69 100% 
The company business types in the China survey are shown in the Table 4.10. There were 
34 respondents for this question. The largest number of respondents were in the 
categories of Owner/Developer (8) and General Contractor (8), followed by 
Architect/Design (6) and Consultant (6). There were three respondents who identified 
their businesses type as Subontractor,  three respondents indicated that their business was 
none of these areas above but in the business of Green Building and consultant 
specializing in BIM technology.  
Table 4.10 Type of Company Business in China’s Survey 
# Answer Response % 
1 Owner/Developer 8 24% 
2 Architect/Design 6 18% 
3 General Contractor 8 24% 
4 Construction Management 0 0% 
5 Subcontractor 3 9% 
45 
 
Table 4.10 continued. 
6 Consultant 6 18% 
7 Software Vendor 0 0% 
8 Other 3 9% 
 Total 34 100% 
 
4.2.2   Type of Company Construction Projects 
The type of company specialized construction projects was provided as a multiple choice 
question for participants to select all applicable project types in their companies.  Table 
4.11 provides the aggregated data from the results of the U.S. survey.  
Table 4.11 Type of Company Construction Projects in the U.S. Survey 
# Answer Response % 
1 Commercial 54 78% 
2 Residential 13 19% 
3 Institutional 32 46% 
4 Healthcare 35 51% 
5 Industrial 26 38% 
6 Heavy Civil/Highway 9 13% 
7 Military  9 13% 
8 Other 9 13% 
A majority of the U.S. respondents indicated that their companies specialized in 
commercial projects with 54 responses (78%). The second most indicated type of 
construction projects was healthcare projects with 35 responses (51%). For the category 
of institution projects, there were 32 responses (46%). The response number for industrial 
projects and residential projects were 26  (38%) and 13 (19%), respectively. Heavy 
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civil/highway projects and military projects received the least responses with nine (13%) 
for each of these two options. There were, however, nine professionals indicated that part 
of their company construction project types did not fall into one of the seven options 
provided on this survey. Under the category of other, they specified several types of 
construction projects on which their respective organizations were working: retail (2), 
pharmaceuticals (2); corporate real estate (1); telecommunication infrastructure (2); 
utility (2); and pipeline (1).  
The same question and options were asked of the survey participants in China. The 
results are shown in Table 4.12. Residential and commercial projects took the biggest 
share among all project types, each of them having 21 responses (61%). There were 11 
respondents (33%) who indicated industrial projects, and there were no respondents who 
indicated military projects. The same number of respondents, 5 (15%) indicated 
institutional projects or healthcare projects. There were six respondents (18%)  who 
selected Other, with one respondent indicating tunnel projects and another one 
specializing in power projects.  
Table 4.12 Type of Company Construction Projects in China’s Survey 
# Answer Response % 
1 Commercial 20 61% 
2 Residential 20 61% 
3 Institutional 5 15% 
4 Healthcare 5 15% 
5 Industrial 11 33% 




Table 4.12 continued. 
      7 Military  0 0% 
8 Other 6 18% 
 
4.2.3   Company Experience with BIM  
This thesis evaluated the experience of respondents’ companies in the implementation of 
BIM technology based on the following three criteria: how long ago the company started 
using BIM in its business practices; the number of BIM projects they have completed; 
and the total value range for all the BIM projects the company has completed. Table 4.13 
displays the BIM experience of the respondents’ companies in the U.S. as far as how ago 
theircompanies began to integrate BIM into their practices. As shown below, 24 
respondents had not yet adopted BIM technology in their companies. There was only one 
company which started to utilize BIM technology prior to 1990; and between 1990 and 
2000, three companies initiated their utilization of BIM. The number of companies which 
began practicing BIM between 2000 and 2005, between 2005 and2010, and between 
2010 to 2015 was 10, 20, and 11, respectively.  
Table 4.13 Year Range When Company Started Using BIM in the U.S. Survey 
# Answer Response % 
1 Prior to 1990 1 1% 
2 1990 - 2000 3 4% 
3 2000 - 2005 10 14% 
4 2005 - 2010 20 29% 
5 2010 - 2015          11 16% 
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Table 4.13 continued. 
6 Not yet  24 35% 
 Total 69 100% 
There were 33 responses obtained for the same question in China’s survey, of which 39% 
of the respondents indicated that their companies had not yet implemented BIM 
technology, while nine of them started their first BIM project between 2010 and 2015. 
The number of companies that started exploring BIM technology from 2005 to 2010 was 
eight. Two companies started their BIM business between 2000 and 2005 while only one 
company began using BIM between 1990 and 2000.  
Table 4.14 Year Range When Company Started Using BIM in China’s Survey  
# Answer Response % 
1 Prior to 1990 0 0% 
2 1990 - 2000 1 3% 
3 2000 - 2005 2 6% 
4 2005 - 2010 8 24% 
5 2010 - 2015 9 27% 
6 Not yet  13 39% 
 Total 33 100% 
The aggregated data for the number of BIM projects on which each responding company 
has worked are presented below. The results, , are presented separately based on the 





Table 4.15 Number of Projects that Company Has Used BIM with in the U.S. Survey 
# Answer Response % 
1 0 17 27% 
2 1 - 5 6 10% 
3 6 - 10 6 10% 
4 11 - 20 2 3% 
5 20 - 30 7 11% 
6 30 - 40  1 2% 
7 More than 40 23 37% 
 Total 62 100% 
 
Table 4.16 Number of Projects that Company Has Used BIM with in the China’s Survey 
# Answer Response % 
1 0 14 42% 
2 1 - 5 5 15% 
3 6 - 10 3 9% 
4 11 - 20 2 6% 
5 20 - 30 1 3% 
6 30 - 40  0 0% 
7 More than 40 8 24% 
 Total 33 100% 
It should be noticed that both in the U.S. and China, the highest percentage of responses 
consisted of the companies that have never utilized BIM technology and companies that 
have completed more than 40 projects integrated with BIM technology, which shows a 
relatively radical distribution. There were 62 responses from the U.S. survey and 33 from 
the China survey.  
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Similar to the number of BIM projects, another indicator of a company’s experience with 
BIM implementation is their total business value for all their BIM projects combined. 
Table 4.16 and Table 4.17 present the survey answers collected from the question “Please 
indicate the total value of BIM projects in your company.”  
Table 4.17 Total Value of BIM Project in the U.S Survey 
# Answer Number of 
Companies 
% 
1 $0 - $10M 23 37% 
2 $10M - $50M 8 13% 
3 $50M - $100M 5 8% 
4 More than $100M 26 42% 
 Total 62 100% 
 
Table 4.18 Total Value of BIM Project in the China’s Survey 
# Answer Number of 
Companies 
% 
1 $0 - $10M 20 63% 
2 $10M - $50M 4 13% 
3 $50M - $100M 3 9% 
4 More than $100M 5 16% 







4.2.4   Company Experience with BIM-based Estimating  
Table 4.19 Year Range When Company Started Using BIM on Cost Estimation in the 
U.S. Survey 
# Answer Response % 
1 Prior to 1990 0 0% 
2 1990 - 2000 1 1% 
3 2000 - 2005 5 7% 
4 2005 - 2010 12 17% 
5 2010 - 2015 14 20% 
6 Not yet  37 54% 
 Total 69 100% 
The researcher divided the year range of when the companies started to utilize BIM-
based cost estimation into six categories. Prior to 1990, both the U.S. and China 
respondents indicated that none of them had started the BIM technology on cost 
estimation; but by the next decade, each of the responding companies in the U.S. and 
China had initiated BIM-based cost estimating practices. Between 2000 and 2005, five 
U.S. companies started their BIM-based estimation practices while no Chinese company 
had done so. The number fof companies who started using BIM for cost estimation 
between 2005 and 2010 in the U.S. and China was 12, and 6 respectively. 20% of the 
U.S. respondents  indicated that their organizations first tried BIM-based estimating 
between 2010 and 2015, while this number for their Chinese counterparts was 26%. 
Finally, 54% of the U.S. respondents and 52% of the Chinese respondents indicated that 





Table 4.20 Year Range When Company Started BIM on Cost Estimation in China’s 
Survey 
# Answer Response % 
1 Prior to 1990 0 0% 
2 1990 - 2000 1 3% 
3 2000 - 2005 0 0% 
4 2005 - 2010 6 19% 
5 2010 - 2015 8 26% 
6 Not yet  16 52% 
 Total 31 100% 
 
4.2.5   Company Annual Business Volume 
The respondents were requested to provide information regarding their respective 
companies’ annual business volume. Among the U.S. respondents, the annual business 
volume for the companies which had $0 - $100M, $100M - $500M, and more than 
$500M were 34%, 28% and 37% of the total responses; and for the Chinese participating 
companies, the numbers were 35%, 32%, and 32%, respectively. 
Table 4.21 Company Annual Business Volume in the U.S. Survey 
# Answer Number of 
Companies 
% 
1 $0 - $100M 23 34% 
2 $100M - $500M 19 28% 
3 More than $500M 25 37% 




Table 4.22 Company Annual Business Volume in China’s Survey 
# Answer Number of 
Companies 
% 
1 $0 - $100M 11 35% 
2 $100M - $500M 10 32% 
3 More than $500M 10 32% 
 Total 31 100% 
 
4.2.6   Company Headquarter Location 
The respondents also provided the locations of their company headquarters in both 
surveys. In the U.S. survey, as expected, 94% of the participants indicated that their 
companies were located in the U.S. while the remaining 6% companies fell into the 
category of Other. For the Chinese participating companies, 97% were headquartered in 
China and the remaining 3% fell into the category of Other as well.   
Table 4.23 Company Headquarter Location in the U.S Survey 
# Answer Number of 
Companies 
% 
1 U.S. 63 94% 
2 China 0 0% 
3 Other 4 6% 
 Total 67 100% 
 
Table 4.24 Company Headquarter Location in China’s Survey 
# Answer Number of 
Companies 
% 
1 U.S. 0 0% 
2 China 30 97% 
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Table 4.24 continued. 
3 Other 1 3% 
 Total 31 100% 
 
4.3   BIM Applications 
4.3.1   BIM Commercial Applications 
The type of BIM commercial applications or software utilized in the AEC/FM industry 
was a part of this thesis’ investigation content as well. Table 4.25 and Table 4.26 display 
the survey results with respect to the type of BIM applications or software that were 
being used in the respondents’ companies. It should be noted that the participants were 
able to select more than one application that was adopted in their companies. 
Table 4.25 BIM Commercial Applications in the U.S. Survey 
# Answer Response % 
1 Revit 44 88% 
2 Bentley 5 10% 
3 Tekla 11 22% 
4 Vico 7 14% 
5 Naviswork 37 74% 
6 Vectorworks 0 0% 
7 Onuma 0 0% 
8 Gloden 0 0% 
9 Rib 0 0% 
10 Thsware 0 0% 
11 Innovaya 2 4% 
12 Nemetchek 0 0% 
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Table 4.25 continued. 
13 Rhinocerous 1 2% 
14 Other 12 24% 
 Total  100% 
 
Table 4.26 BIM Commercial Applications in the China’s Survey 
# Answer Response % 
1 Revit 7 21% 
2 Bentley 2 6% 
3 Tekla 2 6% 
4 Vico 1 3% 
5 Naviswork 4 12% 
6 Vectorworks 0 0% 
7 Onuma 0 0% 
8 Gloden 20 61% 
9 Rib 4 12% 
10 Thsware 8 24% 
11 Innovaya 0 0% 
12 Nemetchek 0 0% 
13 Rhinocerous 0 0% 
14 Other 5 15% 
 Total  100% 
 
4.3.2   BIM implementation Areas 
In the literature review, a variety of potential uses for  BIM technology were mentioned. 
The researcher also wished to determine the areas in which  both the U.S. and the 
Chinese respondents were implementing BIM in their daily business practices and which 
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areas of BIM usage were the least expected. Table 4.27 and Table 4.28 displays the data 
collected regarding this specific question.  
Table 4.27 BIM Implementation Areas in the U.S. Survey 
# Answer Response % 
1 Architectural Design/Modeling 22 45% 
2 Collison Detection 36 73% 
3 Estimating 29 59% 
4 Marketing 30 61% 
5 MEP 32 65% 
6 Scheduling 22 45% 
7 Structural Design 12 24% 
8 Visualization 35 71% 
9 Other 11 22% 
 Total  100% 
 
Table 4.28 BIM Implementation of Areas in China’s Survey 
# Answer Response % 
1 Architectural Design/Modeling 17 52% 
2 Collison Detection 5 15% 
3 Estimating 17 52% 
4 Marketing 2 6% 
5 MEP 7 21% 
6 Scheduling 8 24% 
7 Structural Design 4 12% 
8 Visualization 8 24% 
9 Other 6 18% 
 Total  100% 
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4.4   Respondents’ Perceptions of BIM-based Estimating 
The industry perception of BIM-based estimating was measured by using the Likert scale 
questions. Fourteen statements regarding the advantages and disadvantages of BIM-based 
estimating were made, with which the respondents were to agree or disagree and indicate 
their degree of agreement or disagreement based on their experience and knowledge of 
estimating, BIM technology, and BIM-based estimating Sixty U.S. respondents fully 
completed or more than 95% completed the statements section, thus their answers were 
considered to be valid. The missing values in the U.S. survey were substituted by using 
the mean imputation method (Little & Rubin, 2014), as stated previously. The survey 
distributed to the Chinese respondents had 27 valid sets of answers for both statements.  
A score from one to five was assigned accordingly to each response on the basis of their 
level of agreement. For example, if the respondent selected Totally Disagree for question 
1, the score that assigned to this response was 1. The mean and standard deviations were 
calculated from these scores for each question.  
4.4.1   Advantages of BIM-based Estimating  
Seven statements about the advantages of BIM-based estimating were created and 
summarized and created by the researcher, anticipating that the results could successfully 
reflect on how the industry assesses this relatively new technology.  
 
 
Table 4.29 Likert Scale Questions About Advantages of BIM-based Estimating Method in 
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the U.S. Survey 





1 BIM enhances the overall project visualization 4.47 0.72 60 
2 BIM improves project collaboration in the 
project design phase 
4.22 0.76 60 
3 For conceptual estimates: BIM allows accurate 
generation of quantity take-offs from the 
building model 
3.43 0.96 60 
4 For detailed estimates: BIM allows accurate 
generation of quantity take-offs from the 
building model 
3.47 0.91 60 
5 The accuracy of estimates is improved as 
quantities are linked directly to cost database 
3.57 0.74 60 
6 The accuracy of estimates is improved as the 
cost/production data and feedback are up-to-
date 
3.68 0.77 60 
7 The project economic benefits are improved as 
estimators step in the design phase ad help 
designers choose the most cost effective design 
option 
3.86 0.75 60 
 
Table 4.30 Likert Scale Questions About Advantages of BIM-based Estimating Method in 
China’s Survey 





1 BIM enhances the overall project visualization 3.89 1.22 27 
2 BIM improves project collaboration in the 
project design phase 
3.56 1.15 27 
3 For conceptual estimates: BIM allows accurate 
generation of quantity take-offs from the 
building model 
3.31 1.15 27 
4 For detailed estimates: BIM allows accurate 
generation of quantity take-offs from the 
building model 
3.33 1.11 27 
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Table 4.30 continued. 
5 The accuracy of estimates is improved as 
quantities are linked directly to cost database 
3.30 1.10 27 
6 The accuracy of estimates is improved as the 
cost/production data and feedback are up-to-
date 
3.33 1.14 27 
7 The project economic benefits are improved as 
estimators step in the design phase ad help 
designers choose the most cost effective design 
option 
3.41 1.12 27 
 
4.4.2   Barriers of BIM-based Estimating 
Another seven statement question were prepared to investigate the shortcomings of the 
BIM-based estimating technique. These seven questions, along with its number of 
responses and mean and standard deviation for each survey are shown separately in the 
Table 4.31 and Table 4.32.  
Table 4.31 Likert Scale Questions About Barriers of BIM-based Estimating Method in the 
U.S. Survey 





1 The software interoperability can hinder the 
adoption of BIM estimating software (How 
estimating program is paired with BIM models) 
3.62 0.76 60 
2 The lack of software training for estimators can 
hinder the adoption of BIM estimating software 
4.05 0.87 60 
3 The inappropriate selection of the BIM 
estimating software/platform/tool within the 
organization can hinder the development of 
BIM estimates 
3.83 0.72 60 
4 Inadequate computers can hinder the adoption 
of BIM estimating software 
3.72 0.87 60 
5 Inadequate connection to network can hinder 
the adoption of BIM estimating software 
3.72 0.90 60 
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Table 4.31 continued. 
   6 The legal/contractual risk such as ownership of 
BIM models can hinder the adoption of BIM 
estimating software 
3.40 0.92 60 
7 The lack of industry standards when it comes to 
the development of BIM models can hinder the 
adoption of BIM estimating software 
3.70 0.87 60 
 
Table 4.32 Likert Scale Questions About Barriers of BIM-based Estimating Method in 
China’s Survey 





1 The software interoperability can hinder the 
adoption of BIM estimating software (How 
estimating program is paired with BIM models) 
3.41 1.15 27 
2 The lack of software training for estimators can 
hinder the adoption of BIM estimating software 
3.44 1.15 27 
3 The inappropriate selection of the BIM 
estimating software/platform/tool within the 
organization can hinder the development of 
BIM estimates 
3.22 1.05 27 
4 Inadequate computers can hinder the adoption 
of BIM estimating software 
3.19 1.21 27 
5 Inadequate connection to network can hinder 
the adoption of BIM estimating software 
2.96 1.13 27 
6 The legal/contractual risk such as ownership of 
BIM models can hinder the adoption of BIM 
estimating software 
3.22 1.09 27 
7 The lack of industry standards when it comes to 
the development of BIM models can hinder the 
adoption of BIM estimating software 
3.70 1.20 27 
 
4.5   Summary 
This chapter utilized the statistical descriptive method to summarize the data collected 
from each question in the survey. The survey results were aggregated into tables in order 
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to provide the survey results in a scientifically direct way. The next chapter will analyze 












CHAPTER 5.   DATA ANALYSIS 
Two primary research questions were examined in this thesis: (1) What are the AEC/FM 
industry perceptions of applying BIM-based cost estimation method in the U.S. and China; and  
(2) Is there a difference between the AEC/FM industry in China and the U.S. with regard to the 
implementation on BIM and BIM with estimation?   
In this chapter, the author will go through these two research questions by utilizing statistical 
method such as Independent sample t-test, ANOVA, and post-hoc test (Tukey’s test).  
5.1   Statistical Models 
This section described the statistical models used for this thesis. 
 
5.1.1   Independent Sample t-test 
The statistical model for independent sample t-test, which is also called two sample t-test, was 
listed below: 










               (Equation 5.1) 
H0: µ1 = µ2   Ha: µ1 ≠ µ2 
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Where N1 and N2 are the number of participants in both China’s and the U.S’s surveys, 𝑌1̅̅̅̅  
and 𝑌2̅̅̅̅  are the mean scores from survey responses in two groups: China and the U.S., and 𝑆12 
and 𝑆22are the sample variances for these two groups.  
 
5.1.2   Pearson’s  Chi-square test 
List below was the formula for the Person’s Chi-square test.  




𝑖=1        (Equation 5.2) 
H0: Variable A and Variable B are independent. 
Ha: Variable A and Variable B are not independent. 
Where 𝑥2 is the Pearson’s cumulative test statistic, Oi is the number of observations of type i 
(number of qualified responses in the group of the U.S. and China), N is the total number of 
observations (number of qualified responses), and Ei is the expected frequency of type i. n is 
the number of cells in the table.  
 
5.1.3   ANOVA 
In order to analyze the differences between group means, ANOVA test was introduced to 
testify if there is significant difference among mean scores of questions in the Likert scale 
rating statements. 
                                   F = 
𝑀𝑆𝑇
𝑀𝑆𝐸
              (Equation 5.3) 
                              MST = 
𝑆𝑆𝑇
𝑝−1
              (Equation 5.4) 
                      SST = ∑ 𝑛(𝑥 − ?̅?)2              (Equation 5.5) 
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                                                          MSE = 
𝑆𝑆𝐸
𝑁−𝑝
                    (Equation 5.6) 
                      SSE = ∑(𝑛 − 1)𝑆2               (Equation 5.7) 
Where, 
F is ANOVA Coefficient, MST stands for the mean sum of squares due to treatment, MSE 
stands for mean sum of squares due to error, SST is sum of square due to treatment, SSE is 
sum of squares due to error. p is the total number of populations, n is total number of samples 
in a populations, S is the Standard deviation of the samples and N is defined to be the total 
number of observations.  
 
5.1.4   Tukey’s Test 
The formula for the Tukey’s test was presented below: 
                      𝑞𝑠 =
𝑌𝐴−𝑌𝐵
𝑆𝐸
                  (Equation 5.8) 
H0: µi = µj   Ha: µi ≠ µj 
Where 𝑌𝐴 is the larger of the means from two questions being compared and 𝑌𝐵 is the smaller 
of the means from two questions being compared. SE stands for the standard error of the data 
in question.  
 
5.2   Question #1 Difference Between the AEC/FM industry in the U.S. and China Regarding 
the BIM and BIM-based Estimating Implementation 
It is to be noted that the respondents who answered in the U.S. and China’s survey do not 
necessarily mean they were working in the countries where the surveys were passed out to. 
Therefore, the researcher have taken this into consideration and deleted the responses which 
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indicated it was working in places other than where the survey was originally sent to under this 
section. 
5.2.1   Respondents’ Company Information in the U.S. and China 
5.2.1.1    Company Business Type
  





























Company Business Type 





While comparing the business models in the U.S. and China, it was evident from the type 
of respondents that the two markets are organized differently. In the U.S., 3% of building 
professionals worked in Owner/Developer type of company compared to 24% in China. 
The answers of Architect/Design in the U.S. survey only takes up 1% of responses, 
however, the situation in the Chinese participants was different: 18% of responses were 
received from Chinese practitioners stating that their companies of business fall into this 
category. Most of the U.S. responses went to the categories of ‘General Contractor’ and 
‘Construction Management’ with percentage of 48% and 23%, respectively. The same 
thing also happened to the rest business types, 19% of the U.S. responses were 
subcontractors, 1% was consultants and 4% chose the other type, all of which in 
contrasted to the Chinese response in which the percentage numbers were 9%, 18%, and 
9% accordingly. There was no software vendor company with both parties in this thesis. 
Considering the wide difference of the market structure between the U.S. and China, it 
was not possible to draw statistically valid comparison between these two groups, hence, 
only descriptive method was used to analyze this question answers. 
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5.2.1.2    Company Annual Business Amount 
 
Figure 5.2 Company Annual Business Volumes  
The question inquiring the company annual business volume was designed to observe the 
size of participants’ companies. As the figure 5.2 indicated above, the distribution among 
different size of companies was relatively even both in the U.S. and China: 34% of U.S. 
companies and 35% of Chinese companies were under the annual business amount of 
$100M; 28% of U.S. companies had $100M to $500M income annually while their 32% 
of their Chinese counterparts had the same amount; the percentage number for the U.S. 
companies which generate more than $500M every year was 37% and in Chinese 
companies, the number was 32%.  

























Company Annual Business Volume 





Table 5.1 Chi Square Test about Company Annual Business Volumes 
Since the assumption of the chi square test was not violated, the significance value of this 
test was 0.874, much larger than alpha 0.05, meaning there is no significant association 
between the country (the U.S. and China) and the company annual business volumes, we 
fail to reject the hypothesis that there is no significant difference between the group 1 
(U.S.) and group 2 (China) at the significance level of 0.05.  
 
5.2.1.3    Company Specialized Construction Projects 
 


























Construction Project Type 
Construction Project Type (%) 
U.S.
China
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square .269
a
 2 .874 
Likelihood Ratio .270 2 .874 
Linear-by-Linear 
Association 
.115 1 .735 
N of Valid Cases 98   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 9.17. 
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Survey participants were enabled to choose multiple options in this question, which 
brought up large varieties within responses in this question. Both parties, the U.S. and 
China, indicated their large market share in the area of commercial, industrial and heavy 
civil projects. However, the story comes differently in the types of projects such as 
residential, institutional, healthcare and military. Chinese companies showed a strong 
business interest in the field of residential projects with a percentage of 61% while this 
number in the U.S. was just 19%. The U.S. companies had a much stronger advantages in 
the institutional, healthcare and military projects, the percentages for these three type 
projects were 46%, 54%, and 13% respectively. Chinese companies, on the other hand, 
only 15% were dealing business in the institutional and healthcare area, and none of them 
involved in the military business.  
 
5.2.1.4    Company Experience with BIM 
There are three perspectives to reflect the responding companies’ BIM experience: 1) the 
year when they started incorporating BIM into the practices; 2) Number of BIM projects 
they have worked on; and 3) the total BIM project values measured in U.S. dollars.  
First off, the Figure 5.4 displayed the information regarding the year of first BIM project 




Figure 5.4 Year When Company Started Using BIM  
With each of bar in the Figure 5.4 representing percentage of responding companies 
started their BIM business, the distribution varies similarly between the U.S. and Chinese 
companies. The researcher then utilized the chi square test to testify the assumption 
concluded from the Figure 5.4: there is no significant difference between the U.S. and 
Chinese companies with respect to the year when they started using BIM.   
Table 5.2 Chi Square Test about the Year When Company Started Using BIM 





 5 .593 
Likelihood Ratio 4.105 5 .534 
Linear-by-Linear Association 1.875 1 .171 
N of Valid Cases 102   






































Because the assumption for the square chi test was violated, the likelihood ratio was 
referenced in this test. The P-value 0.534 was larger than 0.05 so the hypothesis was not 
rejected. Thus, there was no significant difference between the U.S. companies and 
Chinese companies regarding the length of time they have worked in the BIM field.  
Following the analysis of when a respondent’s company initiated its BIM business, the 
focus was switched to the number of BIM projects the responding companies actually 
have completed. Figure 5.5 displays the relevant information. 
 
Figure 5.5 Number of BIM Projects that Responding Company has worked on  
The U.S. and Chinese companies demonstrated similarities from the aspect of the number 
of BIM projects they have completed. The U.S. companies had more percentages 
allocated to the categories of 0 (27%) and more than 40 (37%), which compared to the 

































Number of BIM Projects 





A chi-square test was performed by the author to verify the information collected from 
the Figure 5.5.  
Table 5.3 Chi-Square Test about the Number of BIM Projects by Company 





 6 .443 
Likelihood Ratio 6.426 6 .377 
Linear-by-Linear Association 3.639 1 .056 
N of Valid Cases 95   
a. 7 cells (50.0%) have expected count less than 5. The minimum expected count is 
.35.  
 
As expected, the P-value (0.377) was larger than the significance level of 0.05, leading to 
the statistical conclusion that there was no significant association between the number of 
BIM project and nations. 
The third dimension that was adopted to measure company’s maturity of using BIM was 
the total money value of the BIM projects they have ever worked on. To convenient the 
survey collection and analysis process, the money value was measured in the U.S. dollars 




Figure 5.6 Responding Company’s Total BIM Project Value  
There was an obvious difference between the U.S. and China as the Chinese participants 
showed a high percentage under the category of $0 - $10M, indicating they did not have a 
large amount of money invested in BIM projects while 42% of the U.S. companies had 
had an accumulated value of more than $100M in BIM projects in their company history. 
Table 5.4 shows that this difference was confirmed. 
Table 5.4 Chi Square Test about the Total BIM Project Value by Company 





 3 .059 
Likelihood Ratio 7.913 3 .048 
Linear-by-Linear Association 6.907 1 .009 
N of Valid Cases 94   

























Total BIM Project Value 





Because of the violation of the chi square test assumption, the significance value (0.048) 
from the likelihood ratio was used to confirm the difference between the U.S and Chinese 
respondents in terms of the total BIM project value for their companies. The critical 
probability value was set at 0.05 for this test. In summary, statistically speaking, the total 
BIM project values of the companies were dependent on where the respondents worked. 
In other words, there was a significant difference between the U.S. and China in the total 
BIM project values depending on the companies for which the respondents worked. 
 
5.2.1.5    Company Experience with BIM-based Estimating 
The responding company’s understanding and knowledge of BIM-based estimating were 
measured from the number of BIM projects for which they actually performed cost 
estimating.  
 




























Year When Company Started Using BIM 





The distributions of the U.S. and Chinese responses were seemingly very similar. An 
independent sample t-test was then proposed and run by the researcher to verify the 
information displayed above in Figure 5.7. 
Table 5.5 Chi Square Test about Year When Company Started Using BIM with Estimates 





 4 .568 
Likelihood Ratio 4.372 4 .358 
Linear-by-Linear Association .054 1 .816 
N of Valid Cases 100   
a. 4 cells (40.0%) have expected count less than 5. The minimum expected count is 
.62. 
A relatively large P-value (0.358) from this test validated the assumption that there was 
no significant difference between these two groups as far as how long ago they started 
using BIM for cost estimation. 
5.2.2   Respondents’ Professional Information in the U.S. and China 
Do the responding building professionals in these two nations have different experiences 
with BIM and BIM-based estimating? To answer this question, their backgrounds in 
terms of BIM experience as well as BIM-based estimating were considered in this thesis.  
 
5.2.2.1   Respondents’ Experience with BIM 
The number of BIM projects in which each respondent has participated was used to 




Figure 5.8 Number of BIM Projects Respondents Have Worked On 
The U.S. respondents have displayed a fact that they are generally more experienced with 
incorporating BIM into their business. A seemingly significant difference exists between 
the U.S. and Chinese participants with regard to this question: 33% of U.S. respondents 
have experience dealing more than 10 BIM projects while in the Chinese respondents’ 
sides, the number was only 6%.  
The independent sample t-test was utilized, and the results are presented in Table 5.6 
below. 
Table 5.6 Chi Square Test about Number of BIM Projects Respondents Have Worked On 





 4 .023 
Likelihood Ratio 12.667 4 .013 
Linear-by-Linear Association 6.540 1 .011 
N of Valid Cases 98   

























Number of BIM Projects  
Number of BIM Projects Respondents Have 





The P-value from this independent t-test was 0.013, which was considered to be smaller 
than the probability value (0.05) set for this thesis. Therefore, it safely could be concludes 
that there was a significant difference between the U.S. and Chinese respondents with 
respect to their experience with BIM usage.  
 
5.2.2.2   Respondents’ Experience with BIM-based Estimating 
 
Figure 5.9 Number of Projects for Which Respondents Have Utilized BIM to Cost 
Estimation 
A large number of the survey respondents in the U.S. and China indicated that their 
experience with BIM for estimating was almost zero: 65% of the U.S. participants and 
68% of the Chinese participants chose 0 – 1 as their answers to the question about the 
number of BIM-based estimating projects on which they have ever worked. Although 
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Number of Projects For Which 






the next choices. The Chinese respondents lagged behind in the options of 5-10 and more 
than 10.  However, they display larger percentages in the options of 2 -3’ and 3 – 5. A 
closer, scientific approach to analyze the situation was needed.  




of Variances t-test for Equality of Means 










Interval of the 
Difference 
Lower Upper 











  1.162 73.007 .249 .3509 .3019 -.2507 .9526 
A significant difference was proven by running the independent sample t-test for this 
question; a P-value of 0.015 indicated that there was a significant difference between the 
U.S. and Chinese respondents when it came to their experience with BIM-based 
estimating.  
 
5.2.3   Respondents’ Perceptions of BIM-based Estimating in the U.S. and China 
This thesis hoped to determine the industry perceptions of BIM-based estimating by 
utilizing a set of Likert scale questions. A scale from 1 to 5 was used to demonstrate how 
79 
 
strong the respondents agreed with a specific statement. A total number of 14 questions 
were designed as statement about the advantages and barriers to adopting BIM 
technology in the cost estimation practices in the AEC/FM industry. Within these 14 
questions, seven addressed the advantages of using BIM-based estimating while the other 
seven questions pertained to the potential barriers that hinder the development of BIM-
based estimating.  
5.2.3.1   Advantages of BIM-based Estimating 
The mean and standard deviation were calculated from each of the seven statements in 
the survey pertaining to the advantage of BIM-based estimating.  To compare the 
perception between the U.S. and Chinese respondents, reviewing the mean and standard 
deviation was necessary.  
Table 5.8 The U.S. Respondents Perceptions of Advantages of BIM-based Estimating  
QUESTION                            Mean                                  N Std. Deviation 
1 4.467 60 .7241 
2 4.217 60 .7612 
3 3.433 60 .9632 
4 3.467 60 .9107 
5 3.567 60 .7449 
6 3.683 60 .7700 
7 3.858 60 .7484 
Total 3.813 420 .8815 
 
Table 5.9 Chinese Respondents Perceptions of Advantages of BIM-based Estimating 
Method 
QUESTION                          Mean                                  N Std. Deviation 




Table 5.9 continued. 
2 3.5556 27 1.15470 
3 3.3130 27 1.15456 
4 3.3333 27 1.10940 
5 3.2963 27 1.10296 
6 3.3333 27 1.14354 
7 3.4074 27 1.11835 
Total 3.4468 189 1.14290 
 
 
Figure 5.10 Likert Questions about the Advantages of BIM-based Estimates 
To scientifically compare these two groups, an independent sample t-test was 































Questions regarding the Advantages of BIM-estimates 






Table 5.10 Independent Sample Test 
 
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 























Since the P-value from the Levene’s Test for Equality of Variances was smaller than 
0.05, the hypothesis that there were equal variances between the two groups was rejected. 
Therefore, the researcher looked at the bottom row of the Table 5.10, in which the P-
value from the t-test is 0.97. Because 0.97 is larger than 0.05, it was statistically proven 
that there was no significant difference between the U.S. and Chinese respondents’ 
understanding of the advantages of BIM-based estimates.  
 
5.2.3.2   Barriers of BIM-based Estimating 
Two tables and one bar graph were drawn to better interpret the respondents’ perceptions of 
the barriers that hinder the development of BIM-based estimating practices.   
Table 5.11 The U.S. Respondents Perceptions of Barriers of BIM-based Estimating Method 
QUESTION                          Mean                                  N Std. Deviation 
1 3.62 60 0.761 
2 4.05 60 0.872 
3 3.83 60 0.717 
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Table 5.11 continued.  
4 3.72 60 0.865 
5 3.72 60 0.904 
6 3.40 60 0.924 
7 3.70 60 0.869 
Total 3.72 420 0.861 
 
 
Table 5.12 Chinese Respondents Perceptions of Advantages of BIM-based Estimating 
Method 
QUESTION                          Mean                                  N Std. Deviation 
1 3.41 27 1.152 
2 3.44 27 1.155 
3 3.22 27 1.050 
4 3.19 27 1.210 
5 2.96 27 1.126 
6 3.22 27 1.086 
7 3.70 27 1.203 
Total 3.31 189 1.144 
 
 
Figure 5.11 Likert Questions about the Barriers of BIM-based Estimates  
3.62 
4.05 
3.83 3.72 3.72 
3.4 
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Questions regarding the Barriers of BIM-estimates 






Table 5.13 Independent Sample Test 
 
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 



















  2.085 34.238 .045 2.885 1.384 .074 5.697 
The researcher again utilized the independent sample t-test to confirm the difference 
between these two groups of respondents. As Table 5.13 shows, the P-value from the 
bottom row (equal variances not assumed) is smaller than the probability value set for 
this thesis (0.05), therefore, the assumption that there was no significant difference 
between these two groups was rejected. It could then be safely concluded that there was a 
difference in term of the respondents’ understanding of the obstacles to performing BIM 
with cost estimation.  
 
5.2.4   BIM Software and Business Implementations 
The BIM-related software used by the responding companies as well as their areas of 
business implementation were also investigated in this thesis. The most commonly used 
BIM software products in the international AEC/FM industry were researched and 
provided as possible survey answers for the respondents. A significant amount of the 
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literature review focused on proposing the possible and well-acknowledged BIM 
implementation areas to respondents. It should be noted that both questions were “check 
all that apply” questions, which means that the respondents were able to give multiple 
responses.  
The U.S. respondents indicated a strong preference for software such as Revit (88%) and 
Naviswork (74%) while the story was different for the Chinese respondents. The largest 
portion of the Chinese respondents was given to Golden (61%), a localized BIM software 
in China.  
 

























































With the market share difference between the U.S. and China in the field of BIM 
software, the respondents from two nations also demonstrated a difference in their actual 
BIM implementation areas. Visualization (71%), collision detection (73%), and MEP 
(65%) were the top three choices from the U.S. respondents while architectural 
design/modeling (52%), estimating (59%), scheduling (24%) and visualization (24%) 
were indicated by the Chinese respondents.  
 




















































5.3   Question #2 AEC/FM Industry’s Perceptions of BIM-based Cost Estimation Method 
In order to answer the second question with respect to the industry perceptions of BIM-
based cost estimating, all the responses, either from the U.S., China, or other countries 
instead, were collected and placed in one analysis. The mean standard deviation of each 
question was calculated by the SPSS program. To further explore which specific 
statement with which most of the respondents agreed, the ANOVA and post-hoc (Tucky 
test) test were performed.  
 
5.3.1   Advantages of BIM-based Estimating 
To examine the industry perceptions of the benefits of incorporating BIM into their 
estimating practices, the SPSS program was used to perform the ANOVA and Tukey test. 
Each question was regarded as one group in the ANOVA and Tukey test with a research 
purpose of confirming the questions with which the most respondents agreed.  
        Table 5.14 Respondents Perceptions of Advantages of BIM-based Estimating 
Method 
QUESTION 
                              
Mean 
                                            
N 
Std.      
Deviation 
1 4.2874 87 .93893 
2 4.0115 87 .94616 
3 3.3960 87 1.02106 
4 3.4253 87 .97208 
5 3.4828 87 .87420 
6 3.5747 87 .91031 
7 3.7184 87 .89800 




Table 5.15 ANOVA Test Results 
 Sum of Squares df Mean Square F Sig. 
Between Groups 58.563 6 9.761 11.085 .000 
Within Groups 530.069 602 .881   
Total 588.632 608    
The ANOVA test indicated that the Likert scores obtained from each question differed 
significantly. Therefore, the the Tukey test, one of the most popular post hoc tests, was 
utilized to determine where the significant difference was.  















1 2 .27586 .14227 .455 -.1450 .6968 
3 .89138
*
 .14227 .000 .4705 1.3123 
4 .86207
*
 .14227 .000 .4412 1.2830 
5 .80460
*
 .14227 .000 .3837 1.2255 
6 .71264
*
 .14227 .000 .2918 1.1335 
7 .56897
*
 .14227 .001 .1481 .9899 
2 1 -.27586 .14227 .455 -.6968 .1450 
3 .61552
*
 .14227 .000 .1946 1.0364 
4 .58621
*
 .14227 .001 .1653 1.0071 
5 .52874
*
 .14227 .004 .1078 .9496 
6 .43678
*
 .14227 .036 .0159 .8577 
7 .29310 .14227 .078 -.1278 .7140 
3 1 -.89138
*
 .14227 .000 -1.3123 -.4705 
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               Table 5.16 continued. 
2 -.61552
*
 .14227 .000 -1.0364 -.1946 
4 -.02931 .14227 1.000 -.4502 .3916 
5 -.08678 .14227 .997 -.5077 .3341 
6 -.17874 .14227 .871 -.5996 .2422 
7 -.32241 .14227 .262 -.7433 .0985 
4 1 -.86207
*
 .14227 .000 -1.2830 -.4412 
2 -.58621
*
 .14227 .001 -1.0071 -.1653 
3 .02931 .14227 1.000 -.3916 .4502 
5 -.05747 .14227 1.000 -.4784 .3634 
6 -.14943 .14227 .942 -.5703 .2715 
7 -.29310 .14227 .378 -.7140 .1278 
5 1 -.80460
*
 .14227 .000 -1.2255 -.3837 
2 -.52874
*
 .14227 .004 -.9496 -.1078 
3 .08678 .14227 .997 -.3341 .5077 
4 .05747 .14227 1.000 -.3634 .4784 
6 -.09195 .14227 .995 -.5128 .3289 




 .14227 .000 -1.1335 -.2918 
2 -.43678
*
 .14227 .036 -.8577 -.0159 
3 .17874 .14227 .871 -.2422 .5996 
4 .14943 .14227 .942 -.2715 .5703 
5 .09195 .14227 .995 -.3289 .5128 




 .14227 .001 -.9899 -.1481 
2 -.29310 .14227 .078 -.7140 .1278 
3 .32241 .14227 .262 -.0985 .7433 
4 .29310 .14227 .378 -.1278 .7140 
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           Table 5.16 continued. 
5 .23563 .14227 .646 -.1853 .6565 
6 .14368 .14227 .952 -.2772 .5646 
*. The mean difference is significant at the 0.05 level. 
Based on the Tukey test results, the means of the answers to questions 1 and 2 were 
significantly different from the answers to the remaining questions, which indicated that 
1) BIM enhances project visualization overall, and 2) BIM improves project collaboration 
in the project design phase and were the statements with which the highest number of 
respondents agreed among all the statement made about the benefits of using BIM-based 
estimating. The mean score of question 1 (4.2874) was higher than that of question 2 
(4.0115).  
 
5.3.2   Barriers of BIM-based Estimating 
The same statistical approach was utilized to confirm the results collected from the 
statements addressing the barriers of BIM-based estimating.  
Table 5.17 Respondents Perceptions of Barriers of BIM-based Estimating Method 
QUESTION 
                                  
Mean  N Std. Deviation 
1 3.55 87 .899 
2 3.86 87 1.002 
3 3.64 87 .876 
4 3.55 87 1.009 
5 3.48 87 1.033 
6 3.34 87 .974 
7 3.70 87 .978 




Table 5.18 ANOVA Test Results 
 Sum of Squares df Mean Square F Sig. 
Between Groups 14.250 6 2.375 2.531 .020 
Within Groups 564.943 602 .938   
Total 579.192 608    
 
The P-value of 0.020 from the ANOVA test indicated that a further comparison among 
the questions needed to be made.  
















-.310 .147 .346 -.74 .12 
3 
-.092 .147 .996 -.53 .34 
4 
.000 .147 1.000 -.43 .43 
5 
.069 .147 .999 -.37 .50 
6 
.207 .147 .797 -.23 .64 
7 
-.149 .147 .950 -.58 .29 
2 1 
.310 .147 .346 -.12 .74 
3 
.218 .147 .753 -.22 .65 
4 




          Table 5.19 continued. 
5 




 .147 .008 .08 .95 
7 
.161 .147 .929 -.27 .60 
3 1 
.092 .147 .996 -.34 .53 
2 
-.218 .147 .753 -.65 .22 
4 
.092 .147 .996 -.34 .53 
5 
.161 .147 .929 -.27 .60 
6 
.299 .147 .394 -.14 .73 
7 
-.057 .147 1.000 -.49 .38 
4 1 
.000 .147 1.000 -.43 .43 
2 
-.310 .147 .346 -.74 .12 
3 
-.092 .147 .996 -.53 .34 
5 
.069 .147 .999 -.37 .50 
6 
.207 .147 .797 -.23 .64 
7 
-.149 .147 .950 -.58 .29 
5 1 
-.069 .147 .999 -.50 .37 
2 
-.379 .147 .133 -.81 .06 
3 




           Table 5.19 continued. 
4 
-.069 .147 .999 -.50 .37 
6 
.138 .147 .966 -.30 .57 
7 
-.218 .147 .753 -.65 .22 
6 1 




 .147 .008 -.95 -.08 
3 
-.299 .147 .394 -.73 .14 
4 
-.207 .147 .797 -.64 .23 
5 
-.138 .147 .966 -.57 .30 
7 
-.356 .147 .190 -.79 .08 
7 1 
.149 .147 .950 -.29 .58 
2 
-.161 .147 .929 -.60 .27 
3 
.057 .147 1.000 -.38 .49 
4 
.149 .147 .950 -.29 .58 
5 
.218 .147 .753 -.22 .65 
6 
.356 .147 .190 -.08 .79 
*. The mean difference is significant at the 0.05 level. 
The Tukey test results illustrate that there was no significant difference between the mean 
scores of the answers to survey question 1, 2, 3, 4, 5, and 7. In other words, other than 
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question 6 demonstrating the lowest level of agreement from the building professionals, 
the statements made about the barriers of BIM-based cost estimation method were 
equally weighed.  
 
5.4   Summary 
This chapter presented the data analysis thesis based on answering the two research 
questions posed by this thesis. The next chapter will discuss the conclusions from the 













CHAPTER 6. DISCUSSION AND CONCLUSION 
Based on the survey results and data analysis in Chapters 4 and 5, the following 
observations were made regarding industry perceptions of BIM-based estimating in the 
U.S. and China  
 The survey respondents’ company background and its indication. 
 The differences between U.S. and Chinese building companies regarding the 
implementation of BIM technology and BIM-based estimating. 
 The differences between U.S. and Chinese building professionals regarding the 
implementation of BIM technology and BIM-based estimating. 
 The differences between the AEC/FM industry in the U.S. and Chinese regarding 
BIM software and its areas of practical application. 
 The AEC/FM industry’s perceptions of BIM-based estimating and if there is a 
difference between U.S. and Chinese building professionals in terms of their 
understanding of BIM-based estimating. 
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6.1   Responding Company Background and Its Indication 
The participating companies’ backgrounds could reflect how BIM is currently being 
utilized in the U.S. and China because most likely the professional who have been 
influenced from BIM technology in their work would be interested in taking the survey.  
To interpret the company background, the company business type was looked at first. 
 
Figure 5.1 Company Business Type 
As shown in Figure 5.1, while 48% of the respondents were General Contractors in the 
U.S. survey, the Chinese respondents were mostly Owner/Developer (24%), 
Architect/Design (18%), and Consultant (18%). Less involvement with the actual 
construction process among the Chinese respondents is indicated in Figure 6.1. The data 
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fact: the influences and adoptions of BIM technology on the design and preconstruction 
phase in the Chinese AEC/FM industry are higher than in the construction phase.  
 
Figure 5.13 BIM Implementation Areas 
The Chinese respondents used BIM primarily for architectural design and estimating 
(52%), which clearly indicated the usage of BIM in the architecture design firms. The 
BIM usage for estimatingis still understandable because one of the major responsibilities 
of building consultant companies in China is to perform cost estimating for owners who 
do not have an independent estimating department. Therefore,  introducing BIM to 



















































Another fact that came to the researcher’s attention was that no Chinese construction 
management company participated in the survey. To explain this, the current business 
model in the Chinese AEC/FM industry is different from the U.S. in that it is dominated 
by the traditional contracting method: design – bid – build, which has led to a lack of 
business models such as CM-at-risk, design-build. Even though Chinese building 
authorities have published official guidelines to encourage the development of project 
management, this situation remains unresolved. The building companies in China still 
prefer to separate the design and construction services in the actual building practices. 
One explanation is the unwillingness of Chinese building professionals to embrace new 
things like different contracting methods. A future study focus should be approaches that 
the Chinese AEC/FM industry and government can take to foster more variations in the 
contracting procedures in China.  
According to Figure 5.2 and the related independent sample t-test, the company annual 
business volumes both in the U.S. and China were distributed evenly in every interval of 
business volume, indicating that there was no difference between these two groups in 
terms of company size.  
The type of specialized construction projects a company undertakes was another 
dimension to evaluate the company background, and some of the findings were based on 
this factor.  
BIM technology is in greatest demand for commercial projects both in the U.S. (78%) 
and China (61%). U.S. companies who specialize in healthcare, industrial, and 
institutional projects utilize the BIM technology a great deal as well. In contrast to the 
fact that only 19% of the U.S. respondents indicated residential projects as their specialty, 
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61% of the Chinese respondents indicated residential projects, which is plausible because 
China is currently undergoing an enormous urbanization process, calling for the need to 
construct new residential projects to house new city immigrants. It is suggested that the 
AEC/FM companies in China may want to consider applying BIM technology more in 
institutional and healthcare projects to gain a competitiveedge on their competition.  
 
Figure 5.3 Company Specialized Construction Project Type 
6.2   Difference in BIM and BIM-based Estimating Implementation in U.S. and Chinese 
Building Companies 
Three factors were taken into consideration when measuring each company’s experience 
with BIM technology: 1) the year when the company started using BIM, 2) the number of 
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based estimating experience was evaluated by the year when the company first started 
using BIM for estimating. According to the data analysis, an interesting phenomenon 
appeared: while the companies in the U.S. and China have shown no difference in terms 
of how long ago they started their BIM business as well as the number of BIM projects 
on which they have worked, there is a major difference in the total values of BIM 
projects. The Chinese companies seem to be hesitant with investing a large amount of 
money in construction projects which involve the BIM technology. The results, to some 
extent, reflect the relative conservatism of Chinese companies toward embracing the new 
technology. Promoting communication between the U.S. and Chinese building industries 
should be encouraged in order to eliminate the doubtful attitude toward BIM technology 
from some Chinese building practitioners. The regular BIM-related seminars and 
discussion boards in China could be good avenues to enlarging the exposure of Chinese 
building professionals to BIM. Inviting BIM experts from the U.S. or other countries to 




Figure 5.4 Year When Company Started Using BIM  
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Figure 5.6 Responding Company’s Total BIM Project Value  
Based on the results from the comparison graph (Figure 5.7) and the independent sample 
t-test, both the U.S and Chinese respondents illustrated that the organizations for whom 
they worked were in the beginning stages of utilizing BIM technology for their cost 
estimating practices, with 54% of the U.S. and 52% of Chinese respondents stating that 
their organizations had not yet used BIM for estimating.  
 
6.3   Difference in BIM and BIM-based Estimating Implementation between the U.S. and 
Chinese Building Professionals  
The respondent’s experience with BIM and BIM-based estimating was illustrated by the 
number of BIM projects and BIM-based estimating projects on which the respondent had 
worked. Unlike the companies for whom the respondents worked, there was a significant 
difference between the U.S. and Chinese respondents with respect to their individual 
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To explain this, the information about the participants’ current positions in the U.S. and 
China’s survey was examined in a hope to evaluate the respondents’ industry experience.  
Table 4.3 Respondents’ Position in the U.S. Survey 
# Respondent Position Response % 
1 President/Vice President 11 22% 
2 Operation 17 34% 
3 BIM Department 14 28% 
4 Preconstruction 3 6% 
5 Human Resources 3 6% 
6 Others 2 4% 
 Total 50 100% 
 
Table 4.4 Respondents’ Position in China’s Survey 
# Respondent Position Response % 
1 President/Vice President 1 6% 
2 Operation 4 22% 
3 BIM Department 7 39% 
4 Preconstruction 4 22% 
5 Human Resources 1 6% 
6 Others 1 6% 
 Total 18 100% 
The respondents’ positions in the U.S. were generally similar to that of China, where 
most of responses indicated the BIM and Operation Department. However, there were 
more executive level personnel (22%) in the U.S. survey than in China (6%). It is an 
acknowledged fact that obtaining extensive industry experience is one of the prerequisites 
to move up to the executive level positions, thus, the respondents in the U.S. had more 
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industry experience than those in China. It is reasonable to conclude that some of the U.S. 
respondents may have had more exposure to the BIM technology than the Chinese 
respondents.  
The respondent’s current work position may have had an effect on the results of the 
individual’s experience with BIM and BIM estimates, however, it was impossible to 
examine a correlation between these two factors in a statistical sense because the 
respondents who specified their positions did not completely match up with the 
respondents who indicated their experience with BIM and BIM estimates. Also, industry 
experience based on the respondent’s job title could not be quantified.  
More training and hands-on experience with BIM projects should be promoted for 
AEC/FM professionals in China, starting with the culture of the organization to the 
training of engineers to the industry’s recognition of the usage of BIM technology in 
China  
Even though companies in both the U.S. and China indicated a lack of experience with 
using BIM-base estimating, the U.S. respondents did show a better understanding og 
BIM-based estimating. By virtue of the U.S. respondents’ relatively longer work 
experience, it is understandable that their experience with utilizing BIM on estimates was 
generally better than their Chinese counterparts. It is to be noted, however, that only 18 
respondents in China indicated their current work position, whichmay lead to inaccuracy 
due to the small sample size of Chinese responses.  
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6.4   Difference in BIM Software and Areas of Implementations in the U.S. and China 
Discussions are also needed as to the BIM relevant software as well as their practical 
applications.  
 
Figure 5.12 BIM Software 
A radical difference was noticeable between the U.S. and China respondents’ 
perspectives on BIM software. Revit (88%) and Naviswork (74%) dominated the U.S. 
companies with their choices of BIM software while only 21% of Chinese companies 
used Revit and 12% used Navisworks. On the other hand, the localized BIM software in 

























































Chinese building organizations.  Why do the BIM software preferences differ so much 
between these two markets? The first reason is that although Revit provides strong 
features, it does not fully satisfy the needs of building professionals in China; for 
example, the electronic cost database commonly adopted by Chinese building companies 
pairs more compatibly with localized BIM software. Secondly, the blueprint requirements 
are also different in China compared to countries like the U.S. Third, the sales strategy of 
software such as Revit does not fit in the Chinese market. Fourth, the localized BIM 
software in China costs substantially less, which is a factor in the bottom line of Chinese 
companies.  
The implementation areas for BIM technology in China indicated by the survey 
respondents were also less diverse than the U.S. As Figure 5.13  shows, only architectural 
design and estimating were chosen by more than 50% of the respondents in China. The 
BIM application areas in the U.S. also appear to be more comprehensive than in China: 
apart from the structural design, the percentage of respondents for each BIM technology 
application area in the U.S. was near or above 50%. Since BIM is considered to be a 
lifecycle approach to revolutionize the AEC/FM industry by imbedding itself into every 
phase of the building life-cycle, the U.S. clearly appears to have a better understanding of 
BIM and therefore is proactively embracing it. China, however, needs to take initiatives 
to adopt BIM technology thoroughly, rather than just implementing BIM technology only 




Figure 5.13 BIM Implementation Areas 
 
6.5   AEC/FM Industry’s Perceptions of BIM-based cost estimation  
In this thesis, the AEC/FM industry’s perceptions of BIM-based cost estimation was 
measured by asking the survey respondents to choose to what degree they would agree 
with the statement regarding the benefits and barriers of BIM-based estimating.  
According to the data analysis results from section 5.2.1, the two statements that the 
respondents mostly agreed with were: 1) BIM enhances the overall project visualization, 
and 2) BIM improves project collaboration. The fact that “visualization” was regarded as 



















































this conclusion. However, none of the statements related to the benefits of using BIM 
with estimates practices were strongly supported by the respondents. The visualization or 
collaboration aspects of the BIM technology should not be regarded as estimating aspects 
of BIM functionality. The mean of the Likert scores for the remaining five statements 
pertaining to BIM-based estimating were all in the range of 3.5, which refers to the verbal 
term of “neither agree nor disagree.” The respondents who chose this option could be 
implying that they were either unfamiliar with this topic or had a neutral attitude towards 
statements made about the advantages of BIM-based estimating.  
The second section of the Likert scale statements pertained to the barriers of BIM-based 
estimating. Based on the results from Section 5.2.2, apart from statement 6, all 
respondents agreed with the all statements about the BIM estimating obstacles. The mean 
scores for these six statements were between 3.5 and 4.0, which indicated that the 
respondents were inclined to agree with the statements. These six statements were:  
 The software’s interoperability can hinder the adoption of BIM estimating software.  
 The lack of software training for estimators can hinder the adoption of BIM 
estimating software.  
 The inappropriate selection of the BIM estimating software/platform/tool within the 
organization can hinder the development of BIM estimates. 
 Inadequate computers can hinder the adoption of BIM estimating software. 
 Inadequate connections to networks can hinder the adoption of BIM estimating 
software. 
 The lack of industry standards for the development of BIM models can hinder the 
adoptions of BIM estimating software. 
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Among these six statements, the lack of software training (3.86) ranked as the top 
concern of respondents about BIM estimating, and the lack of industry BIM standards 
(3.70) and inappropriate selection of BIM estimating software (3.64) were second and 
third choices.  
Although it is clear that the AEC/FM industry is welcoming the rise of BIM technology, 
the industry is going through an experimental testing of whether BIM technology should 
be used in cost estimation practices. Figure 5.13 shows that 59% of U.S. companies and 
52% of the Chinese companies used BIM estimating, indicating that the industry is taking 
action on verifying the applications and possibilities for using BIM estimates. The top 
issues they encountered were lack of BIM estimating software training for employees and 
lack of industry standards as well as the inappropriateness of the BIM estimating 
software selection. 
A series of actions should be taken from the company level to the industry level to the 
government level to sort out these issues. From the standpoint of company owners, they 
may want to put more efforts into employee training on BIM estimating software by 
introducing specific training programs. Furthermore, companies should also be more 
open-minded with the software selection process. More connections and cooperation with 
software vendors should be encouraged. The industry should put their attention on 
publishing well-fitted BIM standards, for which the assistance from the government may 
needed.  
6.6   Conclusion  
This thesis explored the differences between the AEC/FM industry in China and the U.S. 
with regard to the implementation of BIM and BIM estimating technology. The AEC/FM 
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industry’s perceptions of BIM estimating in terms of its advantages and barriers was also 
investigated. BIM is considered as a revolutionary technology shift that could move the 
AEC/FM industry forward (Sattineni & Bradford, 2011). The BIM technology can 
benefit construction practices in several ways, of which improving the efficiency of the 
estimating process is one. This thesis provides building professionals with suggestions as 
to how to further advance BIM and BIM estimating technology implementation in China. 
How to tackle the top obstacles that hinder the development of BIM estimating is 
addressed as well.  
The implementation of BIM and BIM estimating in China also was compared to the U.S. 
from the perspectives of the survey respondents’ company experience with BIM and BIM 
estimating, and the respondents’ individual experience with BIM and BIM estimating, 
BIM software, and BIM implementation areas. This thesis found that compared to the 
U.S. AEC/FM industry, the number of BIM projects and the time in which the Chinese 
industry sector initiated the BIM practices were similar. However, the value of the total 
BIM projects that Chinese building professionals have worked on is smaller than that of 
the U.S., implying a lack of confidence from the Chinese AEC/FM industry in investing 
in BIM projects. The individual BIM and BIM-based estimation experience of building 
professionals in China also was significantly less than that of U.S. professionals, which  
suggests that the Chinese building industry should be more open-minded about new 
technology by embracing it and investing more in BIM-related projects. Exposure of 
Chinese AEC/FM practitioners to BIM technology needs to increase. The establishment 
of communication between AEC/FM professional in the U.S. and China may expedite 
BIM development in China. 
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Another finding from this thesis is that architectural designers, owners, and consultants in 
China are influenced by BIM the most, compared to other types of companies. The 
Chinese building industry may also want to consider making its BIM implementation 
areas more versatile by looking at the U.S. experience with utilizing BIM. The building 
professionals should take the initiative to implement BIM in a variety of areas other than 
merely visualization and estimating.  
This thesis also provides information about the popular BIM software programs in the 
U.S., such as Revit and Naviswork, which are not sold in China. Rather, a localized BIM 
software like Gloden is largely being used by Chinese companies, which may be due to 
software compatibility and cost issues.  
This thesis also demonstrated that both the U.S. and Chinese building industries’ BIM 
estimating implementations are still in their infancy. While U.S. building companies have 
utilized BIM widely, BIM estimating remains an unfamiliar concept. The industry holds a 
neutral attitude toward the BIM estimating method and is taking experimental steps with 
incorporating BIM into their cost estimating practices. The top concerns that companies 
have with utilizing BIM-based estimating are the employee training and a lack of BIM 
industry standards, as well as the inappropriateness of the BIM software selection. Efforts 
should be made at different levels by the company itself, to the industry and to the 
government. Companies should consider adjusting their business strategies by providing 
employees with more training on BIM estimating in order to gain a competitive edge in 
the future. In addition, cooperation between  construction companies and software 
vendors should be promoted as it could help eliminate confusion about software selection 
and hence, choose the type of BIM software that best fits their business needs. 
111 
 
Government and industry should also make an effort to publish the related BIM standards 
to increase BIM usage in the industry.  
Further research could be done to understand why the difference between the AEC/FM 
industry in the U.S. and China exists and to explore effective approaches that can be used 
to improve BIM development in China. The industry perceptions of BIM estimating 
worldwide, rather than only the U.S. and China, also could be investigated.  It is to be 
noted that this thesis was limited by time constraints on the data collection as well as the 
population samples that responded to the survey. Future research also could consider 
enlarging the sample size as well as increasing the period of time dedicated to the data 
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Appendix A   Investigation of Industry Perceptions of Building Information Modeling 
Based Cost Estimating Practices in the U.S. and China Survey 
Part I: Company Information 
 
Q 1.1 (Select one) Please specify your company’s primary type of business: 
a) Owner/Developer   b) Architect/Engineer   c) General Contractor   d) Construction 
Manager     e) Subcontractor   f) Consultant g) Software Vendor   h) Other: please 
specify_____________ 
 
Q 1.2 (Select all that apply) Please indicate the type of construction projects your 
company specializes in : 
a) Commercial b) Residential  c) Institutional  d) Healthcare  e) Industrial  f) Heavy 
civil/Highway  g) Military  h) Others: please specify___________ 
 
Q 1.3 (Select one) Please indicate when your company started using BIM: 
a) Prior to 1990  b) 1990-2000  c) 2000-2005  d) 2005 – 2010  e) 2010-2015  f) Not yet 
 
Q 1.4 (Select one) Please indicate when your company started using BIM for cost 
estimation purposwes: 
a) Prior to 1990  b) 1990-2000  c) 2000-2005  d) 2005 – 2010  e) 2010-2015  f) Not yet 
 
Q 1.5 (Select ALL that apply) Please identify the BIM software applications used by your 
company: 
a) Revit  b) Bentley  c) Tekla  d) Vico  e) Naviswork  f) Vectorworks  g) Onuma  h) 
Gloden  i) Rib j) Thsware  k) Innovaya  l) Nemetchek  m) Rhinocerous  n) Other: please 
specify___________ 
 
Q 1.6 (Select all that apply) Please specify how your company uses BIM: 
a) Architectural Design/Modeling b) Collision Detection  c) Estimating  d) Marketing  e) 
MEP  f) Scheduling  g) Structural Design  h) Visualization  i) Other: please 
specify______________ 
 
Q 1.7  (Select one) Please indicate the number of projects for which your company has 
used BIM:  
a) 0  b) 1-5  c) 6-10  d) 11-20 e) 20-30  f) 30-40  g) More than 40  
 
Q 1.8 (Select one) Please indicate the total value of BIM projects in your company:  
a) $0-$10M b) $10M-$50M c) $50M-$100M d) more than $100M 
 
Q 1.9 (Select one) Please indicate the annual business volume ($ amount) of your 
company:  
a) $0-$100M  b) $100M-$500M  c)More than $500M 
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Q 1.10 (Select one) Please indicate the country where your company is located 
(Headquarters):  
a) U.S.  b) China  c) Other: please specify___________ 
 
Part II: Personal Information 
 
Q 2.1 Please specify your current position:______________ 
 
Q 2.2 (Select ALL that apply) Please indicate the types of training or certification you 
have received in cost estimation: 
a) None b) Company training c) Certified Professional Estimator (CPE) d) Certified Cost 
Estimator/Analyst (CCE/A) e) Certified Parametric Practitioner (CPP) f) Certified Cost 
Engineer/Consultant (CCE/CCC)  
g) Other: please specify_____________ 
 
Q 2.2 (Select one) Please specify the country you are currently working in: a) U.S.  b) 
China  c) Other: please specify___________ (Please put INTERNATIONAL if your 
work requires you to relocate frequently across different countries)  
 
Q 2.3 (Select one) Please indicate the number of BIM projects you have worked on:  
a) 0-1 b) 2-3 c) 3-5 d) 5-10 e) More than 10 
 
Q 2.4 (Select one) Please indicate the number of projects for which you have utilized 
BIM technology to perform cost estimation:  
a) 0-1 b) 2-3 c) 3-5 d) 5-10 e) More than 10 
 
Part III: Estimating with BIM  
  
                                               
Please rate the following statements 1 = strongly disagree, 5= strongly agree. 
 
BENEFITS 
BIM enhances the overall project visualization        
 
BIM improves project collaboration in the design phase of the project        
 
For conceptual estimates: BIM allows accurate generation of quantity take offs from 
the building model        
 
For detailed estimates: BIM allows accurate generation of quantity take offs from the 
building model  
 
The accuracy of estimates is improved as the cost/production data and feedback are 
up-to-date        
121 
 
The accuracy of estimates is improved as quantities are linked directly to cost 
database        
The project economic benefits are improved as estimators step in the design phase 
and help designers choose the most cost effective design options        
        
ISSUES        
 
The software interoperability can hinder the adoption of BIM estimating software 
(how estimating program is paired with BIM models)        
 
The lack of software training for estimators can hinder the adoption of BIM 
estimating software  
 
The inappropriate selection of the BIM estimating software/platform/tools within 
the organization can hinder the development of BIM estimates  
 
Inadequate computers can hinder the adoption of BIM estimating software        
 
Inadequate connection to network can hinder the adoption of BIM estimating 
software        
 
 
The legal/contractual risk such as ownership of BIM models can hinder the 
adoption of BIM estimating software        
 
The lack of industry standards when it comes to development of BIM models can 
hinder the adoption of BIM estimating software        
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The purpose of this research thesis is to understand the benefits and the challenges of 
adopting BIM technology for cost estimating practices in the Architectural, Engineering and 
Construction (AEC) industry in the U.S. and China. This thesis examines the theoretical and 
practical benefits of utilizing BIM to perform cost estimation among AEC professionals. If 
you decide to participate in this research, you will be asked to complete an online survey 
with 28 questions. There is no known risk for participating in this survey.  
By completing this online survey, you are giving your consent for the researcher to include 
your response in the data analysis. Your participation in this research thesis is strictly 
voluntary, and you may choose not to participate without fear of penalty or any negative 
consequences. Individual responses will be treated confidentially, and all raw data will be 
kept in a secured place by the researcher. No individually identifiable information will be 
disclosed, and all results will be presented as aggregate, summary data.  
You also have the right to review the research results if you wish. To request a copy of the 
research results, please feel free to contact the researcher: Zhihang (Jenny) Yi via email: 
xxx@purdue.edu. You may also contact Dr. Hazar Nicolas Dib, Ph.D., the director of this 
research project, at xxx@purdue.edu.  
This survey will take approximately no more than 10 minutes of your time. 
Thank you for your participation!  
        
 
